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ROYAL HIGHNESS 


FREDE © © 


Prince of ALLE, &c. 


O contemplate the Works of G O D, to diſcover 

Cauſes from their Effects, and make Art and 

Nature ſubſervient to the Neceſlities of Life, by a 
Skill in joining proper Cauſes to produce the moſt uſeful 
Effects, is the Buſineſs of a Science, the Grounds and 
Principles of which, I have the Honour to lay at Your 
ROYAL HicnNnsss's Feet. 

1 have preſum'd to do this, Ph iloſophy i in all Ages ha- 
ving been thought worthy the Conſideration of Princes; 
for the greateſt and beſt, who have been handed down to 
us by Hiſtorians, under the moſt amiable and glorious 
Characters, have diſtinguiſh'd themſelves by their Attain- 
ments in it, and their Encouragement of all Endeavours 
to advance and improve it. 

Amongſt theſe I may juſtly reckon his late MA] ESͤ r v, 
who was, and his preſent MAE Ss T v, who is, the Patron 
of a Society, erected for the Advancement of Natural 
Knowledge, of which one of their Royal Predeceſſors was 
the Founder. 
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Your known Candor (GR a 810 will, J hope, 
excuſe my plain Manner of treating this Subject: Tho' I 


take the Liberty to aſſure your Ro AL HIGHNES S, 


that J have ſpared no Pains, that the Work might not be 


wholly unworthy of Your Patronage. 
It preſumes the more upon Your Countenance my 
Protection, as it is an Account of thoſe Experiments, 


which T had the Honour to make ſome Years ago at 


Hampton-Court, before his late MAE Ss T v, by his par- 


ticular Command ; and as their preſent MAI ESTIESõ, 


who likewiſe honour'd thoſe Experiments with their Pre- | 


ſence, have alſo given me Leave to ſet their Names at the 


Head of my Subſcribers. 
Were I equal to the Deſcription of thoſe Gene 


ualities, which make You the preſent Delight, and fu- 
ture Hope of Britain; yet I ſhould be guilty of the high- 


eſt Indiſcretion to attempt it in an Addreſs to Your ſelf; 


ſince none are more offended with Praiſe than thoſe fs 5 | 
moſt deſerve it. I ſhall therefore no longer detain Your. 


ROYAL Hicuness, than whilſt I beg Leave to ſub- 
ſcribe my felf, with the greateſt Reſpect, 


5 1 R, 
Your maſt humble, 
moſt obedient, 
and moſt dutiful Servant, 


J. T. DES AOUILII ERS. 
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L L the Knowledge we have i Wature depends 
upon Facis; for without Obſervations and Expe- 


riments, our natural Philoſophy would only be a 
Science of Terms and an unintelligible Jargon. But then 
we muſt call in Geometry and Arithmerich zo our Aſſiſtance, 
unleſs we are willing to content our ſelves with natural Hi- 
Joy and conjeckural Philoſophy. For, as many Cauſes 

concur in the Production of "compound Effects, we are liable 
zo miſtake the predominant Cauſe, wnleſs. we can meaſure 
the Quantity of the Effefts produc d, compare them with, 
and diftinguiſh them from each other, to find out the ade- 
gquate Cauſe of each ſingle Effect, and what muſt be the Reſult 
of their joint Action. hen Monſ. Des Cartes's philoſophical 
Remance, by the Elegance of its &. tyle and the plauſible A. 
counts of natural Phænomena, had overthraon tl Ariſto- 

telian Phy/fichs, the World receiv d but little Advantas ge by 

be Change: For inſtead of a few Pedants, who, mof of 

1 them, being conſcious of their Ignorance, conceal d it with 

= hard Words and pompous Terms; a new Set of Philoſepbers 

arted up, whoſe lazy Diſpoſition caſh ly fell in with a Philo- 

= /ophy, that required no Mathematicks to underſtand it; and 

4 who taking a few Principles for granted, without examining \ 

3 their Reality or Conf, Hence with each other, fancied ee | | | 
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PREFACE. 


could folve all Appearances mechanically by Matter and | 


Morion; and, in tbeir ſmattering Way, pretended to 
demonſlrate fuch things, as perhaps Carteſius himſelf 
never believd ; his Phil:ſophy (if he had been in earneſt) 


being unable to ſtand the Teft of the Geometry which he 


was Maſter of. 


It js to Sir Iſaac Newton's Application of Geometry to 


Philoſophy, that we owe the routing of this Army of Goths 


and Vandals inthe philiſophical World; which he has en- 


rich d with more and greater Diſcoveries, than all the 


Philoſophers that went beforehim : And has laid ſuch Foun- 


dations for future Acquiſitions; that even after his Death, 


his Works ſtill promote natural Knowledge. Before Sir 


Iſaac, we had but wild Gueſſes at the Cauſe of the Motion 
of the Comets and Planets round the Sun; but now he has 
clearly deduc d them from the univerſal Laws of Attraction 


(che Exiſtence of which he has prov'd beyond Contradifion) 


and has ſhewn, that the ſeeming Irregularities of the Moon, 
which Aſtronomers were unable to expreſs in Numbers, are 


but the juſt Conſequences of the Actions of the Sun and Earth 
upon it, according to their different Poſitions. His Principles 


clear up all Difficulties of the various Phænomena of the 


Tides; and the true Figure of the Earth is now plainly 
ſhewn to be a flatted Spheroid higher at the Æauator than 
the Poles, notwithſtanding many Afſertions and Conjectures 


70 thecontrary. Our incomparable Philoſopher has diſcover- 


ed and demonſtrated to us the true Mature of Light and Co- 
lours, of which the maſiſagacious and inquiſitive Vaturalifts 


 wereentirely ignorant; for while they ſought for the Origine 
of Colours in the Mixture of Light and Shadow, Sir Iſaac 


Newton found that they were congenial withthe Rays of the 


Sun, and contain d in Light it ſelf, the Surface of colour d 


Bodies, 
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PREFACE 


Bodies, ſerving only to ſeparate from one another thoſe Rays, 


that make different Colours; by abſorbing ſome, and refle&t- 


ing others to our Eyes, ſo as to produce thoſe different Sen- 


ſations, on which the pleaſing Variety of colour d Objects de- 


pends. His Optics, beſides the Properties of Light, con- 
tain a vaſt Fund of Philoſophy; which (tho he has modeſt- 


Iy delivered under the Name of Queries, as if they were 


only Conjectures] daily Experiments and Obſervations con- 
firm; a notable Inſtance of which may be ſeen in the Rex. 


Dr. Stephen Hales's excellent Book of Vegetable Staticks, 


which, by putting ſeveral of Sir Iſaac's Queries our of all 
Doubt, ſhew how well they were founded. I paſs over Sir 


Iſaac Newton s noble Inventions in pure Mathematicks, juſtly 
admired at home and abroad; becauſe, tho they have been 
of great uſe in the Diſcovery of the Cauſes of natural Phæ- 
nomena, they are foreign to my preſent Subject, which is 
Phyſicks; whoſe Knowledge I am in this Courſe endea- 


vouring to convey by Experiments; not only where Things 
have been diſcover d that way, but even where they have 


been deduc d by a long Train of mathematical Conſequences; 


Saving contrived Experiments, which Step by Step bring us 


zo the ſame Conclufions. 


The Thoughts of being oblig d to under and Mathematicks 


have frighted a great many from the Newtonian Philoſo- 
phy: I have heard ſeveral Carteſians ſay, that if the Know- 
ledge of Geometry was neceſſary for their Conviction, they had 
rather continue in their oun May of Philoſophy than to be at ſo 
much Trouble; as if a Man could deſerve the Name of a Phi- 
loſopher, merely becauſe he reaſonsjuſtly from Principles, when 
zhoſe Principles are either apparently falſe, precarious, or aſ* 
ſum dat pleaſure to ſerve the preſent Purpoſe. It is not he, that 
can ſhew from an Hypotheſis how the Celeſtial Moticns 


might. 
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might be performed; but he, that demonſtrates their real 
Cauſes, who gives a proper Account of the Syſtem of the 


World: And it is the ſame of other Phænomena; for un- 
leſs we can demonſtrate what we explain, it is better to 
own our Ignorance, than to endeavour to paſs our Conjec- 
tures upon the World for Solutions. If ever we come to 


know the Cauſes of the various Operations of Magnetiſm; 
it will ſooner be owing io a Compariſon of the Experiments 


and Obſervations of Norman, Pound, Lord Paiſley, Gra- 
ham, Muſchenbroek, Savery, Marcel and others (who 
acknowledge themſelves ignorant of the Cauſes of thoſe ſur- 
prizing Effefts) than to twenty Hypotheſes of Men, whoſe 
warm Imaginations ſupply them with what. may ſupport 
their Solutions, while daily Obſervations and common 
Laws of Motion can eaſily confute them. © 8 


But to return to the Newtonian Philoſophy; its as : 
is ſupported by Mathematicks, yet its Phyſical Diſcoveries 


may be communicated without. The great Mr. Locke was 


the firſt who became a Newtonian Philoſopher without the 


Help of Geometry; for having asked Mr. Huygens, whether 
all the mathematical Propoſitions in Sir Iſaac's Principia 
were true, and being told he might depend upon their Cer- 
tainty ; he took them for granted, and carefully examined the 
Reaſonings and Corollaries drawn from them, became Ma- 
frer of all the Phyſics, and was fully convinc d of the great 
[Diſceveries contain d in that Book: Thus alſo. he read the 
Opricls with Pleaſure, acquainting himſelf with every thing 


in them that was not merely. mathematical *., But ſince 


Machin?s have been coniriv'd io explain and prove erpert- 


mentally what Sir Iſaac Newton has demonſtrated mathe- 
|  matically, 


* This I was told ſeveral times by Sir acc Newton himſelf. 
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I 


matically, and ſeveral of bis own Experiments are /ſhewn 


in publick Courſes; a great many Perſons get a confederable 


Knowledge of Natural Philoſophy by Way of Arufement ; 
and ſome are ſo well pleas.d avith what they learn that way, 


as to be inducd to fluuy Matheinatichs, by ubich they at 
laſt - become eminent Philo/opbers. . Dr. John Keill was. 
the firſt who publickly taught Natural Philoſophy by Expe- 


riments in a mathematical Manner; for he had laid down © 


very ſimple Propoſitions, which he proud by Experiments, 
and from thoſe he deduc'd others more compound, which he. 


ill confirm d by Experiments; zill be had inflrufted bis 


Auditors in the Laws of Motion, the Principles of Hydro- 
ſtaticks and Opticks,. and ſome of the chief Propoſitions of 
Sir Iſaac Newton concerning Light and Colours. He 
began theſe Courſes in Oxford, about the Tear 1704 or 


1705, and that Way introduc d the Love of the Newtoni- 
an Philoſophy: There were indeed, about the ſame times 


Experiments ſbewn at London by the late Mr. Hauksbee, 


which were electrical, hydroſtaticah,. and pneumatical: But 
as they were only ſhewn and explain d as ſo many curious 
Phenomena, and not made Uſe of as Mediums o prove a 
Series of philoſophical Propofitions in a mathematical Order, 
they laid no ſuch Foundation for true Philoſophy as. Dr. 


Keill's Experiments; zho' perhaps perform'd more dexterouſly 


and with a finer Apparatus: They were Courles of Experi- 
ments, and bis a Courſe of Experimental Philoſophy. 
When Dr. Keill left the Univerſity, I began to teach 
Experimental Philoſophy, after the ſame Methed. that be 
had done, adding the Mechanicks ( ftriftly ſo call d, that is, 
the Explanation of mechanical Organs, and 1 e Reaſon of 
their Effe&s) and ſeveral Optical Propoſitions in my Courſes 
of Experimental Philoſophy ;. which ever fence that time. I 
Vol. I. A Late 
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have endeavour'd to improve, by the Addition of new Pi- 
poſitions and Experiments, and by altering and changing 
ny Machines, as I found Things might be made more intel- 
ligible to ſuch of my Auditors as were not acquainted with 
Mathematicks, or more /atis/afory to ſuch as were; eſpe- 
cially in what regards the Cauſes of the Motions of the bea- 
venly Bedies, and the Phanomena of our Syſtem. About 
the Year 1713, I came to ſettle at London, where 1 have 
with great Pl:a/ure ſeen the Newtonian Philoſophy /o ge- 
nerally received among Perſons of all Ranks and Profeſſmns, 
and even the Ladies, by the Help of Experiments; that 


tho" ſeveral ingenious Men have fince that Time with great 


* Succeſs taught (and do ſtill teach) Experimental Philoſophy 


in my lor rather Dr. Keill's) manner, I have bad as many 


Courſes as I could poſſibly attend; the preſent Courle, 


which I am now engag d in, being the 12 1% fince I began at 
Hart-Hall iz Oxford, in the Year 1710. The Satisfaction 
we enjoy by being any way inſtrumental to the Improvement 


of others, is ſo great, that I can't help boaſting --- that of 


eleven or twelve Perſons, who perform Experimental 


Courſes at this Time in England, and other Parts of the 
World, I have had the Honour of having Eight of them 
for my Scholars; whoſe further Diſcoveries become an Ad- 
vantage to my ſelf; for what would raiſe Envy in any o- 
ther Profeſſion, but that of a Philoſopher, is receiv'd as a. 
new Acquiſition by all Lovers of Natural Knowledge, the 
Profit being ſbar d in common, while the Diſcoverer has. 
only the Honour of the Invention. . 
For this Reaſon, I never ſcruple making uſe of Machines 
and Inſtruments coniriv'd by others; nor was I ever ſhy of 
communicating, or even lending, my own, to thoſe, who 


wanted to imitate them; it is enough to acknowledge the 


Author of any new Contrivarice, which I generally do. 
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= the greateſt Part of my Auditors, at whoſe Defire I 


have printed this Courſe, are but little vers d in Mathe- 


matical Sciences; the Lectures are free from difficult ge- 
ometrical Demonſtrations and algebraical Calculations; 
and tbe ſame thing is often prov'd by ſeveral Experiments; 


| that where one does not immediately ſtrike with à clear 


Conviction, another may. I only require Attention and 
common Senſe, with a very little Arithmetick, in my Rea- 
ders, to qualify them for underſtanding theſe Lectures; 
provided they begin the firſt Lecture, and go on regularly, 
that they may advance from the eafieſt Truths to thoſe 


more compiex ones, which are deduc d from them : for o- 


 therwiſe many things may ſeem difficult to a Perſon, who 


ſhould open the Book at random; eſpecially great Part of 
the laſt Lecture of this Volume, which yet may be clearly 
underſtood by all, who have made themſelves Maſters of 
what goes before. Perhaps the Mathematicians may 


_ think me tedious and verboſe in my Lectures; but ſuch of 


them as have been uſed to teach, know very well, that one 


cannot be too plain and explicit with thoſe that are not born 


with a Genius for Mathematicks (whatever good Under- 
ſanding they are otherwiſe endow'd with) nay ſometimes 
one muſt make uſe of ſuch ways of demonſtrating as are 
not mathematically true, to prepare them for what is a lit- 
tle more abſtract; as I have been often forc'd to do to a 
large Audience, where cloſe Attention is not very common. 
But I hope the rigid Philoſophers will forgive me, when 
th:y find the ſame Things geometrically demonſtrated in the 
Annotations; in the peruſal of which, the Mathematicians 
perhaps will not think their Time wholly loft. However I 
don't mean to exclude common Readers from the Motes; for 
thoje that have carefully read and underflood the Lectures, 
will thereby be qualified for comprehending what is in the 


| Annotations. a 2 To 


PREFACE 
To prevent the Publick from being impos'd upon, 


not omit mentioning, that ſeveral Years ago, ſome Perſons 
publiſhed a Book of Experimental Philoſophy in my Mame, 
without my Knowledge, which they . endeavour'd to paſs 
upon the World for my Lectures. It is a thin Quarto, 
and was at that Time call'd, A Syſtem of Natural Phi- 
loſophy: And as thoſe, who were capable of ſuch a Thing, 
may, very probably, if they have any of the Books left, 
endeavour to ſell them by giving them the ſame Title as my 
Book, I thought proper to give this Caution. But while 
Jam complaining of others, I might be thought to aſcribe to 
my ſelf what is not my own, if I did not acknowledge, that 
moft of what I have ſaid of the Bow and Spring in the laſt 
Lecture of this Volume, as alſo Part of what I have ſaid. 
of the Fly and the Battering Ram, was copied from ſome 
Papers lent me by William Jones Ey; 


. Re PE CINE IRS 
» £5 = * — * ne gs bo — 


2 


— 9 — * 
2 
< "om — i. 


— . 


— — 
ono 


by. . 
2 — 
2 
—_— 


og 
* 


— 


* 


Ne 47 


4 
wy RA 


— 


9 
a4 


= 


Philoſophy. 


* 
n 
8 MEIN 


LE GTU R _ 


» | | | : 


HE Spirit of Diſputing, and an earneſt Defire to obtain . 
the Victory, rather than come at the Truth, has been 
one of the greateſt Impediments to the Improvement 

| of natural Knowledge. And nothing occaſions more 
wrangling, than when different Perſons annex different Ideas to 
the fame Words; for Men can never rightly underſtand one 
another, till they mean the ſame Things by the ſame Expreflions. | | 
No Diſputes ariſe in pure Mathematics, becauſe the Definitions of | 
the Terms are premis'd; and every body that reads a Propoſition F | | 
has the ſame Idea of every Part of it: So that when any Man is ſo ; 
weak as to think to bring one Demonſtration in oppoſition to another, | 
he is to be diſregarded by every one that would "reaſon like a | 
Yom £& = | __* --Phllo- A 


1 a Courſe of Experimental Philoſophy. 


| Lect. I. Philoſopher : For we may immediately put an end to all” Ma. 6 | 
i A thematical Controverſies, by ſhewing, either that our Adverſary + 


| has not ſtuck to his Definitions, or has not laid down true Pre- 
| miſes, or elſe that he has drawn falſe Concluſions from the Prin- 1 


1 Ciples he has laid down; or at leaſt own, that we do not under- = 
| | ſtand ſome part of his Demonſtration, and defire him to explain 1 
| if | it: for unleſs we can ſhew where the Error or Paralogiſm is, we 


19 . - » . v4 
| muſt not condemn by the Lump, but acquieſce with him in I 
"Fit | | | = 4 
\ what he has prov'd. | ® 


ff IT is true, that in mix'd Mathematics, where we reaſon ma- | 
thematically upon Phyſical Subjects, we cannot give ſuch juſt 3 
1 Definitions as the Geometricians or Logicians do: We muſt be Y 
Ul 5 content with Deſcriptions, and they will be of the ſame Uſe as 1 
Hl | Definitions, provided we are always conſiſtent with our ſelves, EZ 
j and always mean the ſame Things by thoſe Terms, that we have 
# once explain'd: For to ſay, that others have taken the Words E 
we uſe in a different Senſe, can be no valid Objection; ber 
- Cauſe it may be anſwer'd, that then they meant not the ſame ; 
Things as we do. Therefore in this Courſe, when we make 
uſe of ſuch Words, as have been variouſly underſtood, we ſhall 
ſhew the particular Meaning, in which we wou'd have them ta- 
ken: And when we are oblig'd to coin new. Terms, as it will 
often happen in the Deſcription of Machines, we ſhall always 4 
explain them the firſt Time they are mention'd. . 1 


1. By the Word Matter, we underſtand all that has Extenſion 
and Reſiſtance: And becauſe all Bodies, whether ſolid or fluid, 
are extended and do reſiſt, therefore we ſay, that all Bodies . 
are made of Matter. | | | 4 


2. THE Cartefhans wou'd have Matter to conſiſt in Exten- 
ſion alone; but Extenſion without Reſiſtance is nothing but SF 
mere Space. For tho' they affirm that one cannot have an. Idea 4 
of Extenſion without Body; it is contrary to Experience: | 
Since if we take a Cube out of a cubic Box, which it exactly 58 

fill'd, we may very eaſily conceive the Length, Breadth, and Y 
Depth of the empty Box; and it muſt be a - ſecond Idea, that 
will give us a Notion either of ſome other Body coming in to A 
fill the Box, or of its Sides coming together by the preſſure of E | 
na ca RES | 
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= Courſe of Experimental Philoſophy. 


3. Tur Matter is the ſame in all Bodies, is evident from 
its Definition; tho' the common Acceptation of the Word 
would give us another Notion; for in our common Diſcourſe 
we day, an Infirument of Wood, Braſs, or Iron, or of any other 
Matter, as if the Difference of Bodies conſiſted in their different 
Kind of Matter: Whereas all Matter 1s homogeneous, or of the 


fame Nature in all Bodies, whether ſolid or fluid, hard or ſoft, 


more or leſs heavy; whether they belong to the Earth, or any 
other Part. of the Univerſe: as for Example, the Matter of Cork 
does not effentially differ from the Matter of Fleſh, or that of 
Gold or Diamonds. But the whole Variety of Bodies*, and the 
different Changes that happen in them, entirely depend upon 
the Situation, Diſtance, Magnitude, Figure, Structure, Powers, 
and Coheſion of the Parts that compound them, | 


4. Tur Mercury reſiſts more than Water“, and Water more 
than Air, is not owing to the one being of a more reſiſting Mat- 
ter than the other; but to the greater Number of Particles con- 
tain'd in the ſame Space in the | heavier Body; and often to the 
ſtronger Coheſion of Parts: and then a lighter may reſiſt more 
than a heavier Body, to a Force impreſs'd to ſeparate its Parts; 
as Wood will reſiſt more than Water, and a Diamond more than 
Gold. But where there is little or no Coheſion of Parts, even in 
the ſubtileſt Fluids, we find a Reſiſtance: For Light condens'd by a 
Burning-Glaſs, tho' many thouſand times rarer than Air, has a 


3 


l. 


* Ann, 1. 


* Ann. 2. 


conſiderable Reſiſtance, as appears from its ſeparating the Parts of 


Bodies fo forcibly, and ſo ſoon, when they are plac'd in the 
Focus of the Glaſs: Nay, and when the Rays of Light are as 
much diſpers'd as they are here on Earth, coming directly from 
the Sun, they have a ſenſible impelling Force, as appears by ob- 
ſerving, that the Vapour ariſing from a Comet (which makes 


its Tail) is always driven toward that Side of the Comet, which 


is oppoſite to the Sun; and that happens whether the Comet 
be going towards, or coming from the Sun, even at Diſtances e- 
qual to and greater than that of the Earth. And if thete be 
a Medium finer than“ Light (as we have Reaſon. to believe from 
ſome Phænomena) even that Medium has a Reſiſtance, whereby 
it refracts, reflects, and bends the Rays of Light near the Surfaces 


and Sides of Bodies. | 1 
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Tur Quantity, and conſequently Matter, is diviſible zz 
Infinitum *, has been ſeveral Ways demonſtrated by Mathemati- 
cians; and one cannot conceive a Particle of Matter ever ſo 
ſmall, but what is ſtill diviſible; for ſince it is a Body, it muſt 
havea Top, a Bottom, and a Middle, unleſs we ſuppoſe the Top 
and Bottom to be the ſame, which is abſurd: and if ſo, we may 
conceive ſuch a ſmall Particle to be divided in the Middle. But 
then we are not by ſuch a Diviſion to imagine the Parts to be 
ſeparated from each other, any more than (when we divide a 
"cubic Space of two Inches into eight cubic Spaces of an Inch,) 
thoſe new Cubes are to be ſuppos'd remov'd from each other, 
or taken out of the two Inch Cube which contains them. 

6. As to the actual Diviſion of Matter * by ſeparating the 
Parts from each other, it is not poſſible beyond a certain Degree; 
becauſe there are Atoms, or extremely ſmall Parts, which are 
call'd the conſtituent or component Parts of natural Bodies, 
which the Wiſe and Almighty Author of Nature did at firſt create 
as the original Particles of Matter, from which all corporeal Na- 
tures were to ariſe, . that are without Pores, ſolid, firm, and im- 
penetrable, perfectly paſſive, and moveable: So that the utmoſt 
Mechanical Diviſion that we can arrive at, does only ſeparate 
ſome of theſe firſt Parts from one another, and alter their Con- 
tact; for mix'd and compounded Bodies are deſtroy'd by ſuch a 
Separation, and not by breaking the original Particles to pieces. 
Theſe primary Particles being perfectly ſolid, muſt be much more 
hard and firm than any Bodies that can be made out of them 
with Pores or hidden Vacuities interſpers'd ; that is, ſo perfectly 
Hard and firm, that they can never be worn away or diminiſh'd : 
For 'tis not reaſonable to ſuppoſe that there ſhould be any Force 
or Power in the ordinary Courſe of Nature, that can divide that 
into ſeveral Parts, which God in his firſt Creation of Things has 
made One. As long therefore as the original Particles remain 
entire, there may for ever be Bodies made or compos'd of them, 
which ſhall have the fame Nature and Texture: But if zheſe 
could be broken, worn away or diminiſh d, then the Nature of 
corporeal Things, which is dependent on theſe, might be chang- 
ed. Earth and Water compos'd of either ſuch Particles as have 
been worn or broken, or of their Fragments, could not have, 

| 1 
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at this Day, the ſame Nature and Texture, as that original 


Earth and Water, which was compos'd of theſe Particles when 


they were ſound and entire. Wherefore that the Nature of 


Things ſhould laſt, and their natural Courſe continue the ſame; 
all the Changes made in Bodies muſt ariſe only from the various 


Separations, new Conjunctions and Motions of theſe original 
Particles. | : | 


. Tazsz muſt be imagin'd of an unconceivable ſmallneſs *; 
but by the Union of ſeveral of them together, there are made 
bigger Lumps or Parts of the firſt Compoſition (as they are 
call'd) which have Interſtices between them, becauſe the firſt 
Particles do not touch in every Part of their Surface; and thoſe 
Interſtices are call'd the Pores of the firſt Compoſition, Like- 
wiſe by the uniting of ſeveral of theſe Lumps there are form'd 
Molecule, or Lumps of the ſecond Compoſition, which have 
Pores of the ſecond Compoſition, larger than the former: And 
ſo on to the ſeveral Compoſitions before we come to Bodies of a 
ſenſible Magnitude. Hence it follows, that there muſt be a great 
deal of Vacuity * interſpers'd in all Bodies, according as they are 
made up of fewer or more Compoſitions; and all Spaces are not 
equally full of Matter *. This will be. plainly ſhewed by an Ex- 


periment. 
ExPERIMENT I. Plate 1. Fig. 1. 


8. Upon B the Braſs Plate of the Air-Pump (which we ſhall 
hereafter deſcribe) ſet a tall Cylindric Glaſs-receiver A B open at 
both Ends of about five Inches Diameter, and ſeven or eight 
Foot high. Let it be made Air-tight by means of a wet 


Leather upon the Plate B, and another upon the Mouth 


of the Receiver A under the Covering Plate D, to which 


Plate underneath is ſcrew'd the Machine Psps contriv'd for 


letting fall Bodies in Yacuo at the ſame Inſtant of Time. 
For when the Wire W (which flips to and fro thro' the 
Collar of oil'd Leathers c, that the Air may no way eſcape) 
is drawn up by its Hook +, the ſquare horizontal Plate p 
being brought up to a narrow Part of the Braſs Springs s, 5, 
cauſes them to open ſo as to let the Plate P (moving on an 
Hinge) fall into a vertical Poſition; upon which the Bodies 


that were laid on it drop at the ſame Moment, THEN 


5 


Lect. I. 
—— 


* Ann. 6. 


unn. 


9. 


A Cgurſe of E xperiniental Phitlofophy. 


THEN upon the ſquare Plite P lay a Down Feather, and 


a Guinea juſt by the Side of it, (Sce Fig. 2. where the Plate 


P is in an. horizontal Situation, as it reſts on the Return of 
one of the Springs , and the” Collar c is ſeparated rom the 
covering Plate and Springs, thro' both which it muſt be ſcrew'd, 
when on the Receiver) and having exhauſted the Air from the 
Recciver; by pulling up the Wire W, let the Guinea and Fea- 
ther drop, which falling both with the ſame. Velocity (as at 
C) will come to the Bottom at the fime Time: But if the 
Air had not been exhauſted, the Guinea would have been at 


Bottom before the F cather had fall'n a quarter of the Height 


of the Receiver. 


9. Ir the Receiver had been perfectly full before the Air 


was. drawn out of it (tho then there was much more Vacu- 


um * than Matter) yet it is evident, that there muſt be a great 


deal of V. acuity in it after the Air is pump'd out; becauſe 
the Reſiſtance is ſo far diminith'd, that the Feather falls at 
leaſt four Times faſter than it did in the common Air, For 
whatever fine Air was left in the Receiver; whatever Particles 
of Light, or whatever ſubtile Effluvia penetrate the Glaſs, and 
get into the Receiver; all that Matter is much leſs in Quan- 
tity than the Air taken out, becauſe the Reſiſtance is diminiſh'd. 
For to fay, that after Exhauſtion the Receiver is as full as be- 
fore, would be as abſurd, as to ſay, that a Gallon of Beer turn'd 
into Froth (ſo as to reach from the Bottom to the Top of the 
Receiver) fills it as full as eight Gallons of Beer without Froth, 
which it is capable to contain. 


10. GRAvITY may be look'd upon as a Property of Mat- 
ter, which tho' not eſſential, is yet univerſal, and in one Senſe 
inſeparable from it; that 1s, all Parcels of Matter, however modi- 
fied, (or all Bodies) have a Gravitation or Attraction towards one 
another; as will be hereafter demonſtrated in . refpe& of heaven- 
ly as well as terreſtrial Bodies: The Tendency of heavy Bo- 
dies towards the Center of the Earth, being owing to, the 
ſame Cauſe, that makes the Sun and Planets tend towards one 
another. N. B. When we uſe the Words Gravity, Gravitation, 
or Attraction; we have a Regard. not to the "Cie, b but to the 
Effect; namely to that Force, which Bodies have when they are 


carried 


ACID 


Then if you let go both the Balls at the ſame Time, they 
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eccafion'd by the Impulfion of any ſubtile Fluid, or by any un- 


known and unmechanical Power concomitant to all Matter. 


11. Ir all the Matter in the Univerſe was contain'd in two 
equal Balls or Spheres, plac'd at ſome Diſtance from each o- 
ther; theſe Spheres would move towards one another with e- 


qual Velocity, ſo as to meet in the middle of their firſt Di- 
ſtance. But if the Spheres be  ſuppos'd unequal in any Pro- 


portion ; they would meet in a Point as much nearer the great 


Ball, as the great Ball would be bigger than the other. 


12. Tur Reaſon why we do not perceive: this mutual At- 
traction in ſuch Bodies, as We daily handle, is, that our Earth 
having infinitely more Matter than thoſe Bodies, attracts them 
ſo ſtrongly as to make their mutual Tendency towards each o- 
ther inſenſible. So it happens in reſpect of a Load-Stone and a 
Piece of Iron; which when let fall at alittle Diſtance from one 


another, do not appear to move towards each other; tho' we 


find their Effect ſenſible when brought near together. 
Tls will be illuſtrated by the following Experiment. 


ExPERIMENT II. Plate 1. Fig. 2. 


Urox the Table TAB ſet the two Balls A, B, equal 


in Bigneſs and Weight, (for Example, of two Ounces each) at the 


Diſtance of a Foot from the Hole C, and two Foot from 
each other. Now if the Earth was annihilated, or was re- 


mov'd to an infinite Diſtance, and the Table did not attract, 


the two Balls would come to each other and meet at C; but 


Gravity, or the Attraction of the Earth, prefling them againſt - 


the Table, they remain at reſt: but to overcome that Preſ- 
ſure, and make them act as if the Earth was away, let 
a String of about 30 Inches long be tied to the Ball A, 
then brought thro' the ſmooth Hole in the Table C, then 
round the Pulley under the Table, and fo up again thro” 


the Hole C, and at laſt faſten'd to the Ball B. Let the Weight 


P of four Ounces hang from:;.;the Center of the Pulley D: 


3 will 


2 


carried towards each ther, which (at equal diſtances ) is al. Lea. I. 
ways fproportionable to their & uantity of Matter; whether it be 
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will come to each other equally faſt, and meet juſt over the 


ny mn Hole. 


* Ann, 10. 


13. Ir inftead of the Ball A, you ſubſtitute another, which 
weighs but one Ounce (whether it- be leſs than the other, or as 
big, but hollow, or of light Wood) and this Ball A be let 
go from the Diſtance of one Foot, and the heavier Ball B from 
the Diſtance of ſix Inches from the Hole (hanging three Ounces 
at the Pulley) they will both meet again at the Hole, the 
lighteſt Ball going thro' twice the Space that the other does. 


14. Is the firſt Caſe, the Quantity of Matter in the two Balls, 


which is four Ounces, being conſider'd as divided into two, cauſes 
a two Ounce Ball on each fide to move towards the Hole, 


which conſequently move thro' an equal Space in the fame 
Time, | | fe 


15. In the ſecond Caſe, the Quantity of Matter which is 
three Ounces, being divided into two, does on one fide cauſe 
a Ball of two Ounces to move towards C, and on the o- 
ther a Ball of one Ounce to move towards the other ; which !aſt 
moves twice as faſt, becauſe it has but half the Quantity of Mat- 

ter, weighing but half. | | 

N. B. Any Weight may hang to the Pulley *, provided it be not too 
light; becauſe it only ſerves to overcome that Gravity which preſſing 
the Balls againſt the Table, hinders them from moving towards each 

other; as they would do, if the Earth did not exiſt, or was remov'd 


to an infinite Diſtance. 


16. Ir the Ball B be ſuppos'd infinitely greater than the Ball A, 


the Velocity of the Ball A will then become infinitely greater 


than that of the Ball B, ſo that B will ſtand ſtill, and A move 
thro' the whole Diſtance between A and B; the whole Quantity 


of Matter belonging to both, being now wholly attributed to B 


alone, and A looked upon as a Point without any ſenſible Quan- 
tity of Matter, and conſequently unable to move the Ball Bby 
its Attraction. This is applicable to the Earth and all the Bo- 
dies about it, which in reſpect of them is look'd upon as im- 
moveable; whilſt they, as ſo many phyſical Points, move in the 
Lines deſcrib'd by their Centers of Gravity, as they fall to the 
N ed” | Ground, 


. DASH = 
„„ LS 


2 


| Ground, without having any Regard to the Quantity of Mat- Lect. I. 


a greater or Jefſer Force of Attraction, according as the Bodies 
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ter, which they contain, whereby they attract the Earth toward. | : 
them. Thus alſo ſince the Sun contains almoſt 230000 Times 
more Matter than-the Earth, this laſt is look'd upon as a Point Y 
deſcribing an Ellipfis about the Sun, call'd the Magnus Orbis, 
whilſt the Sun, that attracts the Earth, is conſider'd as immove- 
able in one of the Foci of that Ellipſs: Or rather the Moon and 
Earth together may be conſider'd as reduc'd to one Point, which 
is their common Center of n and which deſcribes the Or- 
bit above mentioned. 


Tux Earth in reſpect of the Bodies about it, and the Sun | | 
in reſpect of the Planets and Comets, and all the Planets in re- 1 
ſpect to the Satellites and other circumambient Bodies, do exert : 


are nearer or farther off; for Gravity, * being a Virtue diffus'd - Ann. 11 
from an attracting Body every Way in right Lines, decreaſes 
in the ſame Manner as all other Virtues propagated from a Cen- 
ter round about. So Light and Heat become weaker, as we re- 


cede from the lucid or hot Body. This Decreaſe of . Virtue is 


in a reciprocal duplicate Proportion of the Diſtance ; that is, at 
twice the Diſtance, the Virtue is four Times weaker, and at three 
Times the Diſtance, nine Times weaker, &c, Thus for Exam— 
ple, if the Earth was three Times farther from the Sun, it would 
be nine Times leſs attracted, nine Times leſs enlightned, and nine 
Times leſs heated than it is at preſent: In like manner, if it 


_ was four Times farther, it would be ſixteen Times leſs affect- 
ed by thoſe Qualities. So on the contrary, if it was three or 
four Times nearer than it is now, it would be nine or ſixteen 


Times more affected. 


Tus Proportion of Increaſe or Decreaſe of Qualities diffus d . 


every Way, may be illuſtrated by the following : 


ExPERIMENT III. Plate I. Fig. 4 


18. TAE RE a Candle, fo ſmall that its Rays, that are diffus'd 
every Way, may proceed as it were from one Point; (for if the 
Candle be large, its Light muſt be made to paſs thro a ſmall 
Hole in a Paſtboard :) and if a Cube * of an Inch, as A, be held * Ann. 12. 


up upon a Needle, at the Diſtance of one Foot from the Can- 


= N dle, 


— 
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Lect. I. dle, its Shadow will cover the Surface of a, two Inch Cube B, 
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held at the Diſtance of two Foot from the Candle; which laſt 


Ann. 13. 


Surface is four Times larger than that of the firſt Cube, as ap- 
pears by applying the firſt Cube upon the laſt. Hereby it is e- 
vident, that if the firſt Cube was twice as far from the Candle 
it would receive but the 4th Part of the Light; and but the gth 
Part, if it was three Times as far; becauſe when held at one 


Foot from the Candle, its Shadow will cover a three Inch 


Cube held three Times as far. In the fame manner will a 


Sphere of an Inch Diameter at one Foot from the Candle in- 
tercept all the Light, which would fall upon a two Inch Sphere 


at two Foot, or a three Inch Sphere at three Foot from the 


Candle, their Surfaces being as 1, 4 and q, proportionable to 


the Squares of their Diameters. 


19. As it is caſter to raiſe moſt Bodies from the Ground than 
to break them in pieces; that Force by which their Parts cohere, is 
ſtronger than their Gravity. That Force, whatever be its Cauſe, 
we ſhall call the Attraction of Coheſion. This Attraction is 


ſtrongeſt, when the Parts of the Bodies touch one another; 


but decreaſes much faſter than Gravity, when the Parts that 
were before in contact, ceaſe to touch; and when they come to 
be at any ſenſible Diſtance, this Attraction of Coheſion becomes 
almoſt inſenſible. | | 

THIS Attraction is always the ſtrongeſt, where the Contact 
1s the greateſt. As for Example, two Boards of Fir or Oak, be- 
ing glued in the Middle along the Grain, are not ſo eaſily broken 
aſunder in the glued Place, as any where elſe; becauſe there 
are more Pores, and conſequently fewer touching Parts, a- 
long the Wood any where elſe, than where the Glue is; for when 


a Joint is ſhot (as the Workmen call it) or the two Pieces of Wood 
made ſmooth, in order to join them, the Glue which is ſpread on 


the Pieces fills the Pores, and cauſes the Wood not only to touch 
where it did before, but even in the Interſtices where it did not 
touch; becauſe thoſe little Spaces are fill'd with Glue, that ſupplies 


the Place of Wood. On the contrary, when the Wood is more ſo- 
lid * or has fewer Pores than the Glue, it does not hold fo faſt 
where it is glued, as in the other Parts of the Wood; which may 


be ſeen in Brazil-wood, Ebony, or Lignum-vitæ, and in Metals. 


-# 


The Parts of Glaſs, which are almoſt reund, touching but in a few 
| | Points 


8 Sy ' . 50 
e o gs WD 
CCTV . 
lag n c 
8 1 5 . 


Oranges * two Glaſs Planes AB C D, (18 Inches long, and three * Ang. 76. 


their touching Ends by means of the Prop O N, the Drop will 
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Points, are eaſily ſeparated, and therefore. it breaks eaſily: And Lect. I. 


Fluids (whoſe Parts ſeem to be Spherical) have ſcarce any Co- 


heſion, except ſo much as ſerves to make Drops, whoſe Roundneſs 
plainly proves an Attraction of - Coheſion ; For if this Roundnefs 
depended upon the Preſſure of the Air, the Drops would not be 
round in Vacuo; and if it depended upon the external Preſ- 
ſure of any other Fluid whatever, two Drops cou'd never unite \ 


into one; becauſe the. Figure of any Portion of a Fluid “ preſs'd » am. 14. 


every way, by the ſame or any other Fluid, cannot be alter'd by 
that Preſſure; whereas from a mutal Attraction of the little 1 
Globules * that compoſe the Drop, it muſt become round; and it - Ann. 15. ; = 
will continue ſo, becauſe then there will be the greateſt Contact 
poſſible between all the Parts. A Drop of Water, or any o- 
ther Liquor, does indeed become flat where it touches a Table, 
or any plane Body, that does not repel it; this is owing to the 
Attraction of the Table, and to the Gravity of the Drop, if the 
Table be horizontal. | £ 
How ſuch an Encreaſe of Contact increaſes this Attraction, is 


more evident by the follewing 
ExPERIMENT IV. Plate 1. Fig. 5. 
20, H AV ING moiſten'd or thinly ſmear'd over with Qil of 


or four Inches broad) lay them upon one another in an horizon- 
tal Poſition in the wooden Frame HIL M, having firſt put a 
Drop of the fame Oil upon the undermoſt Plane at G, and laid 
a thin Plate or Piece of Money upon the ſaid Plane, between 
DC, to hinder the upper Plane from touching it at that End 
whilſt their other Ends A B are in cloſe Contact. The Drop 
being large enough to reach the upper Plane, will immediately 
be flatten'd, and move on towards the touching Ends, continu- 
ally increaſing its Diameter, as at Q and R, and likewiſe mov- 
ing faſter as it ſpreads. Nay, tho” the Planes be rais'd up at 


continue to advance towards the touching Ends, but not fo 
faſt, When the Drop is at G, a ſmall Elevation of the Planes 
will retard it; if they be rais'd a little higher, it will ſtop; if 
ſtill higher, the Gravity of the Drop will act more ſtrongly 


than the Attraction of the Planes, and make the Drop move 
. | 8 | down 


_— K 
* . 3 PRES 
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Lect. I. downwards towards C D. When the Drop is at Q, the Plane 
ill require a much greater Elevation to ſtop the Drop, or make 
it move downwards; and ſtill a greater when it is at R. Now 
when the Planes are rais d ſo high as to make the Drop run 
back; if the upper Plane be preſs'd by the Finger a little above the 
Drop, ſo as to come nearer to the lower Plane, the Drop will 
not only ſtop, but move upwards; becauſe it ſpreads more by 
that Preſſure and touches ſo many more parts of the Glaſs 
than it would have done, that even at this Elevation of the Planes, 
their Attraction overcomes the Gravity of the Drop. That it 
moves at firſt towards A B, is owing to the greater Attraction 
of the Planes at e, where they are nearer together than at /; and 
| that the Velocity of the Drop encreaſes, is owing to its moving 
Ann. 17. towards A B, where the Attraction muſt encreaſe continually -* 
as the Planes come nearer and nearer. 5 5 
SEVERAL other Circumſtances of the Attraction of Coheſion 

are ſhewn by the following Experiments. 


ExPERIMENT V. Plate 1. Fig. 6. 


21. HAvinG fix'd into a piece of Wood or Cork C C, 
ſeveral little Glaſs Tubes, the Diameters of whoſe Bores are 
Teſs than one another, (the biggeſt being about 4 of an Inch) 

let the Ends of thoſe Tubes be dipp'd into any ting'd Liquor 
that will adhere to Glaſs, as red Water; and the Liquor will 
ſpontaneouſly riſe in all of them, but always higheſt in thoſe + 
— whoſe Diameter is leaſt; as appears at 1, 2, 3, 4, 5, when 

they are dipp'd in the red Water of the Veſſel AB. 

IN very ſmall capillary Tubes, the Liquor will riſe very high, 
but then the Colour will be imperceptible: But to make the 
riſing Liquor vifible in that caſe, the Tube may be applied 
to one's Finger after it is prick'd ſo as to make a drop of Blood 

iſſue out, which will riſe very quick, and be viſible tho“ the 

Tube be as ſmall as an Hair, See Plate 2. Fig. 1. 

AN x porous Body will have the Effect of capillary Tubes; 
thus Water will riſe up into a piece of Bread, or into a piece of 
Loaf Sugar whoſe lower end is dipp'd into the Liquor; but it will 
riſe much higher into Loaf Sugar, becauſe its Interſtices are ſmaller 
than thoſe of the Bread, | | | ; | 
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5 3 =_ "8 
ExPERIMENT VI. Plate 2, Fig. 2. Wen. 


22. TAKE two ſquare Planes of Glaſs AB C D, and having 
moiſten'd them with Water, ſet them upright in a Veſſel of 
the ſame Water, preſſing the Sides together at A B, but keep- 
ing the oppoſite Sides D Caſunder, by putting a thin Plate between 
them. The Water will riſe between the Planes in the Curvee fg ; 
where it is to be obſerv'd, that the Fluid always goes higheſt where 
the Planes are neareſt, namely towards A B, juſt as it happens in 


the ſmall Glaſs Tubes. | | 
THa T none of theſe Phænomena ariſe from the Preſſure of 


the Air, is evident by making the Experiments in Yacuo; which 
may be eaſily performed by means of the Wire w (Plate 1. 
Fig. 2.) which can move up and down thro' its Collar of 
Leathers, without admitting the external Air into- the Recei- 
== ver, as it riſes or depreſſes the Planes or the Tubes faſten'd 
= to it. The whole Apparatus for this' will be hereafter de- 
: Y | je r10 d. | | | 


1 185 ExPERIMENT VII. Plate 2. Fig. 3. tz 


= 23. In a clean Glaſs that is not full, Water and ſeveral 7:iquors 
will be higher at AB where they touch the Glaſs than in the mid- 

dle C; but that Elevation is hardly ſenſible but near the Sides, be- 

= cauſe the Attraction of Coheſion reaches but a little way. 
Quickſilver does the reverſe in this caſe; and in ſmall Tubes 

it does not riſe ſo high as the Surface of the reſt of the Quick- 

filver in the Veſſel in which the Tubes are held. The Reaſon 

of theſe Phænomena “ is, that Water and thoſe Liquors are at- * Ann. 18. 
tracted by Glaſs more than it is attracted by it ſelf; and that on the con- | 
trary, Quickſilver attracts Quickfilver more than Glaſs attracts it *.. Ann. 19. 


EXPERI M EN T VIII, Plate 2. Fig. 4. 


LET AB be a Cylindrick Glaſs Veſſel fill'd up to the 
Line AB with Quickfilver, whoſe Surface is loweſt at A and 
B the. Sides of the Glaſs, where it riſes with a Convexity. 
If an open Tube of a ſmall bore DE be preſs'd againſt the 


inſide of the Glaſs (to render the Experiment viſible) its lower 
: Orifice 
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Lect. I. Orifice being almoſt at the Bottom of the Glaſs, the Mercury 
Dern {fs will riſe in the faid Tube no higher than F btw the Sur- 


face AB of the Mercury in the Veſſel. But to avoid all Cavils 


about ſomething in the Tube that might be ſuppos'd to ſtop the | 


Mercury, let the Experiment be made in this Manne. 

LET the Tube being quite full of Mercury, (and kept ſo by the 
Finger preſs d on the upper Orifice D,) be put into the Veflel whoſe 
bottom is a little convex, below the Surface of the Mercury as 


low as E; upon the removal of the Finger, the Mercury in the 


Tube ml fall below F, and then rife above it, and after ſome Vi- 


brations ſettle at F, the Point to which it roſe befors. 


EXPERIMENT IX. Plate 2. Fig. 5. 


24. In To the  Cplindrick Glaſs Jar AB, of about 3 8 
Diameter and 1-2 Inch deep, pour gently about one Pound 
of Quickſilver, and a circular part of the Bottom as C C 
will remain uncover d; then if you ſhake the Jar to make the 
Quickfilver come together, the whole Bottom will be coyer'd 
but if without any ſhake you continue to pour on more Mer- 
cury you may put ina Pound or two more before the Bottom 


be quite cover'd, the Pit C C becoming continually leſs, but 


deeper; and if then you bring the Mercury together to cover 
the Bottom and deſtroy the Pit, a Finger being preſs'd againſt 
the Bottom thro' the Mercury, will, when taken away, leave 
a Pit as before, the Mercury there remaining convex at the Sides of 


the Pit; as appears in the vertical Section of the Glas and Quick» 


uu inthe lower Figure 5 Raue 2. 
EXPERIMENT X. Plate 2. Fig. 6. 


25. HavinG put in ſtill more Mercury till "EY be no 
Pit left, lay a piece of Iron Wire CC about two or three 
Inches long and =; of an Inch thick upon the Surface of the Mer- 
cury, where it will ſwim, making a dent on both Sides as at 
D; which happens becauſe the Mercury attracts itſelf more 
than it does the Iron; ſo in the caſe of Fig. 5. it was leſs 
attracted by the Glaſs, than by itſelf, and therefore made the 
Pit: but when once the Sides of the mercurial Pit C-C 
were e brought to touch, they never parted again of themſelves. 
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ExPERIMEN T IX. Plate 2. Fg. 7. | 

26. Is mm repreſents the Surface of the Mercury, and the 
Wire which ſwam at the Top be preſs'd doun to the Bottom, 
(where D repreſents its tranſverſe” Section,) the Wedges of Mer- 


cury bc a, that go under the Wire fo as very nearly to meet 


at c, will not remain in their places, but by the reſt of the 


Mercury they will be attracted towards d, d, ſo as to leave 


the Spaces 6c @& without any Mercury; as appears in the. Sec- 
tion of the Glaſs, Wire, and Mercury, Fig. 8. And that 
it is ſo in fact, appears by looking at the under - fide of 
the Glaſs in the upper Fig. 8. where the Wire or Wires 
(if there be more than one) become viſible thro' the Bottom 
of the Glaſs, which cou'd not be unleſs the Mercury went 
away from under them; becauſe a Cylinder can touch a Plane 
but in an inviſible Line: And: as a farther Proof of this, the 
Wires, tho' ſpecifically lighter than Mercury, remain at bot- 
tom, as being preſs d only downwards by the Arch of Mercury 
over them; which-cou'd not happen if the Mercury cou'd inſinu- 
ate it ſelf under. Wnt | ; 


27. Now if the Experiment be made with a Silver Wire 


of the ſame bigneſs as the Iron one, when it is laid at top, the 
Mercury will riſe up round it as at a 4, Fig. . and this Wire will 
not remain at the Bottom of the Glaſs, tho” paſl'd down to 


it, but always emerge; neither does it become viſible thro' the 
Bottom of the Glaſs, tho' held down againft it with the Finger; 


| nay, even when the Finger is ſeen on each fide of it. This happens 


becauſe Silver attracts Mercury more than Mercury attracts it (elf. 
But to ſhew that this Attraction it only ſtrong in Contact or ex- 
tremely near ; let the Silver Wire be made a little foul by putting 
it into the Fire, and then the ſame thing will happen to it as to the 
Iron Wire; becauſe the Attraction of Coheſion-is' inſenſible, at the 
— of the Thickneſs of the thin Skin that there covers the 
ilver. | | 


28. T Ar there ſhou'd be a Contact to bring Bodies to 
cohere very much, is evident from the ſoldering of Lead' or 


Solder. 


Braſs. with a Mixture of Lead and Tin, commonly call'd foft 


I5 
Lect. I. 
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Lea. I. Solder. For if theſe Metals be not well clean'd, they can never 
wy be ſolder'd perfectly tight; and in Lead, after the Parts that are 
to be join'd have been made foul by rubbing them over with 
Chalk, and then with Mallows or any Green-Herb, fo as to 
make a thin Skin; the Work-man ſcrapes clean the two Edges- 
of the Lead that are to be join'd, that the Solder may come 
cloſe enough to the Metal ; and when the Solder is pour'd on 
hot out of a Ladle, then ſpread with an Iron, it faſtens ſtrong- 
ly where the Metal was clean'd, but does not at all ftick where 
the Skin remains that was made by the Chalk and Juice of the Mal- 
lows. It has been obſerv'd, that the Air alone will foul or make a 
Skin over the part of the Lead that has been clean'd, and therefore 
Greaſe or Tallow is commonly rubb'd on after ſcraping ; for the 
Parts of any fat or inflammable Subſtances being much finer than thoſe 
of Air, will allow the Solder to come much cloſer to the Lead than 
a Plate of Air, or what ſeparates from the Air to ſtick to the Lead. 
Ir two leaden Balls of about an Inch Diameter be pared with a 
Knife, ſo as to cut off a Segment of about +5 of an Inch Diameter, 


+ hrs <br 


they will ſtick together with a great Force; ſometimes ſo great as to 
hold above 100 lib. See the 6th Volume of the PhzJoſophical 
Tranſactions, abridg'd by Meſſrs Reid and Gray, Part ad, Page 2, 
and 3, | > 15 


29. IN what Proportion of the Diſtance this Attraction of 
Coheſion encreaſes or decreaſes is not yet fully known; but from 
ſome Phznomena, we have reaſon to believe that it decreaſes in a 
biquadratic Ratio of the encreas d Diſtance; that is, at twice the 
Diſtance it acts 16 times more weakly, and at 3 times the Diſtance 
'81 times more weakly, Fc. For it becomes inſenſible at the leaft 
ſenſible Diſtance, gs | 3 


30. TRERE is in Nature another ſort of Attraction not ſo 
ſtrong as the Attraction of Coheſion, but ſtronger than Gravity; 
whoſe Proportion of Decreaſe, in the Removal of Bodies attracting, 


And this is the Magnetical Attraction. As for Example, if a 


Loadſtone attracts a piece of Iron with a certain Force at a given 
Diſtance ; at twice the Diſtance, the Attraction will be 10 Times 
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and they be preſs d together (giving them a little Twiſt) pretty hard, 


Ann. 20. 15 nearly as the Cube and a quarter of the encreas'd Diſtance * : 


weaker: And at three Times the Diſtance, the Attraction will be 


n 


1 
45 
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334 times weaker. But as Magnetiſm is a particular Virtue that Lect. I. 
affects only Load-ſtones and Iron and Steel, we ſhall refer a fuller E 
Account of it to another Place; becauſe we are now only conſider - 
ing general Properties of Bodies. We ſhall only obſerve, that the 
Load-ſtone repels as well as attracts; for that Pole of the Stone, 

which attracts one End of a touch'd Needle, will repel the other. 


21. THERE are ſeveral other Inſtances in Nature of a repellent | 
Power in Bodies *; and very often the ſame Bodies that attract. ln ., 
one another at certain Diſtances, and under ſome Circumſtances, 

do repel one another at different Diſtances, and under other Cir- 


cumſtances. | | 
 Tr1s may be ſeen upon the Diſſolution of Salts in Water. 


That the Parts of the Salts attract one another, appears from 


uniting into hard Lumps when the Water is evaporated, ſo that 

the Particles come ſo near to each other, as to be within the Pow- 

er of the Attraction. That they repel one another at farther Diſ- 
tances, appears from the regular Figures into which they coa- 
leſce, when by the Evaporation of part of the Fluid in which they 
float, they are brought within each other's Sphere of Attraction; 
theſe regular Figures depending entirely upon the Equality of their 
Diſtances one from another before this Evaporation, and tb is Equa- 


lity of Diſtance being owing to an Equality of repelling Force. 


32. A repelling Force is alſo prov'd by the Production of Air 
and Vapours; for thoſe Particles which are forc'd out of Bodies 
by Heat and Fermentation, as ſoon as they are out of the Sphere of 
Attraction of the Bodies, do immediately recede from them, and 
from one another with a great Force, and avoid coming together 
again; ſo as ſometimes to take up about a Million of Times the 


Space which they did before in a denſe Body. 


33. Tre Attraction and Repulſion in the fame Body at a con- 
ſiderable Diſtance, is evident in ſeveral electrical Experiments, 
Ir you rub a Piece of Amber with a dry Hand or a woollen 
Cloth, it will put into motion Threads, Feathers and light Bodies, 
attracting and repelling them at a diſtance: And therefore the 
Name of Electricity has been given to that attracting and repelling 
Force which. is excited in any other Body by the ſame Friction as 
is given to the Amber. Wax, Roſin, Sulphur, Silks, Paper, 
Ot. -D | Ribbons, 


| g Lect. I. Ribbons, Hair, and Feathers, and ſeveral other Bodies havethis 
= property: But Glaſs has it more than any other. 


I 


EXPERIMENT XII. Plate 2. Fig. 10. 


34. TAKE a Glaſs Tube of about 14 Inch Diameter, and rub- 
: bing it from one End to the other with a dry Hand pretty briſkly, 

it will attract a Feather, or any light Body, at a conſiderable Di- 

ſtance, from one to eight or ten Feet. Aſter a Feather has been at- 

tracted and ſtuck to the Tube for ſome time, it will fly off of 
IF it ſelf, and never come to the Tube again (which conſtantly repels 
E the Feather in the Air, whenever it is brought near it) till it has 
touch'd ſome other Body ; as a Finger or a Stick. And if the 
Finger be held pretty near the Tube, the Feather will alternately 
fly from the Finger to the Tube, always ftretching out its Fibres 
the way that it is going, and that before it comes off from the F. inger 
or the Tube. In driving the Feather about the Room with the Tube, 
it muſt now and then be rubb'd afreſh to excite the Electricity, whi cb 
continually grows weaker, after the Friction is over. 


| EXPERIMENT XIII. Plate 2. Fug. 11. 


| 35. IF nn little 3 of Leaf-gold, or Leaf-braſs, be laid 
| upon a Stand or ſmall Table, and the rubb'd Tube be held over 
| | them at the diſtance of a Foot or two; the Pieces of Leat-gold 
IR | will move from the Table to the Tube with great Swiftneſs: And 
1 oecgften by the Attraction and Repulſion they will move backwards. 
| and forwards without touching either the Tube or the Table. 
But if two Books, or two Pieces of Wood of the ſame Size be ſet ti 
up on end on the Table on each fide of the Leaf-gold, as at P 
A, B; (Plate 2. Fig. 12.) fo that their Diſtance A B be equal to 
the Height of one of them: Then the Tube being held between 
their Tops, as at D, will have no Power to move the Leaf-gold, 
tho' the Diſtance from the Leaf. gold be but fix Inches, when the 
Tube juſt before attracted the Leat-gold at a Foot or two; but if the 
Pieces of Wood be remov'd, without giving the Tube a new Fric- 
tion, it will attract and repel the Leaf- gold as before. When the 
Pieces of Wood are not remov'd, the Tube will not put the Leaf? . 
gold in Motion, till the Diſtance D C from the Tube to the Gold 
be leſs than half the Diſtance AB of the Pieces of Wood: ch if 
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Weather gave Motion to the Fibres of a Feather at the Diſtance of 


A Courſe of Experimental Philoſophy. I9 


this Effect could not be produc'd while the Sphere of Attraction LeR. I. 
repreſented by the Circle ECF (whoſe Center is in the middle 
of the Section of the Tube at D) is diſturb'd by the Pieces A and B. 


EXPERIMENT XIV. Plate 2. Fig. 13. 
36. To know when the Tube is ſufficiently rubb'd to make Ex- 


periments with it, you muſt move your Fingers ends nimbly 
by the Tube, as if you went to ſtrike it in a Direction perpendicu- 
lar to its Axis, but the Fingers need not come nearer than a quar- 
ter of an Inch from the Tube: Then the Effluvia or fine Parts that 
fly from the Tube will ſnap againſt the Finger, or (beating back 
from it) againſt the Tube, ſo as to be heard with a Noiſe like the 
crackling of a green Leaf in the Fire; but not fo loud, | 
ACccoRDING to the State of the Air, the Tube requires more 
or leſs rubbing. In Weather that is hot and moiſt, the Tube re- 
quires a great deal of Friction before it will ſnap, and attract and 
repel the moſt ſtrongly; and then at beſt its Virtue will diffuſe 
it ſelf but a little way: So that the ſame Tube, which in dry cold 
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eight or ten Feet, will ſcarce act ſenſibly at the Diſtance of two 
Feet when it rains in Winter. e 

Ir the Tube be warm'd at the Fire without rubbing, it will 
have no Effect: Its Electricity will alſo be leſs if you rub the Tube 
long enough to make it very warm; and then you muſt let it cool 
before you uſe it again. 


Ir is not amiſs to ſet the Tube or any Glaſs to be rubb'd before 
the Fre to dry it before you uſe it, eſpecially if it be pretty thick, 
provided it is not much heated. | 2 


37. IT is remarkable, that if the Tube be rubb'd in the dark, 
the Effluvia will appear lucid; and when it is made to ſnap (as in 
the 13th Fig. of Plate 2.) there appears a Light upon the Fingers 
Ends, as at A; and if a little Bruſh be held near the Tube, as at 
B; or drawn along it without touching, juſt after it is rubb'd, Sparks 
of Light like Stars will appear upon every Hair of the Bruſh : but 
the ſame part of the Tube will not ſnap or give Light twice toge- 
ther in the ſame Place * without a new Friction, Ann. 22, 


D 2 Ts EXPERT 


Exysximex xv. 1 Ek. 14. 


38. 1 F the ruby d Tube be rough near a Down Feather tied 
to the upper part of a little Stick ſtanding upon a Foot, the Feather 
will ſtretch out its Fibres towards the 'Tube; but upon the Ap- 
.... proach of a Finger between the Tube and Feather, they will 
de repell'd by the Finger; tho they will be again attracted” by it 


8 loo the Tube is remov'd; and then the Fibres will turn 


back again to the Suck, and. be attracted WF. it, when the Finger 
2 away. 4. | | 

aaa, ĩðĩ _ . 

EXPERI MENT XVI Plate 2, Fzg. 15. 


39. IF you ſet a Glas Receiver, about five Inches wide, and 
twenty Inches high, over the Stick and Feather, having firſt dried 
the Receiver at the Fire or in the Sun; upon rubbing the Glaſs 
with one or both Hands from Top to Bottom, the Feather will 
ſtretch its Fibres every way like the Radii of a Sphere, when the 
Hand is remov' d from the Receiver. But if whilſt you rub the Re- 
ceiver, or after rubbing, you only move the Hand upwards and 
downwards, the Fibres of the Feather will (notwithſtanding the 
Interpoſition of the Glaſs) follow the Motion of the Hand: And 
if the Tube be rubb'd within a Foot or two of the Receiver, the 
Feather in the Receiver will likewiſe follow the Motion of the 
Hand rubbing the Tube. When the Tube has its Electricity ex- 
cited by Friction, if it be brought near the outſide of the Re- 
ceiver, the Feather will ſtretch its Fibres towards the Tube; and 
upon the Removal of the Tube, turn back to the Stick; though 
ſometimes this laſt Phznomenon will happen at the approach of the 
Tube, and the Fibres will ſtretch out again when the Tube 
is taken away: Nay, ſometimes there ſeem to be Fits of Attra- 
ction and Repulſion; for whilſt the Tube is held near the out-ſide 
of the Receiver, the Fibres of the Feather will be alternately ex- 


tended and contracted, without any new Friction given to either 
of them. 


40. Jos ST Aller the Receiver has bend, rbb d, i you blow to- 
wards the Feather, (ſee the 15th Fig. Plate 2.) its Fibres will 
fly from the Blaſt; and they will alſo fly from an Hand _ 'd 

briſkly: 
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briſkly towards the Glaſs, yet ſo as not to touch it; but the Ex- Led. I. 
periment will not do twice without rubbing the Receiver a-new,  &—v=— 


41. Mos r of theſe Experiments, if not all, will ſucceed even 
when the Air has been pump'd out of the Receiver: Only there 
will be this difference, upon rubbing it zz Yacuo, that the Light 
excited will be of a Purple Colour, in a much greater Quantity, 
and all within the Glaſs: And whereas Bodies would be attracted 
before, when held near the outſide of the Glaſs, now that Power 
will ceaſe, and the Virtue will exert it ſelf wholly inwards. The 
fame will happen to the Tube when exhauſted, as alſo to a Glaſs | 
Globe * whirl'd by means of a Wheel, and ſo rubb'd by the Hand; - an. 23. 
as is deſcribed more at large by the late Mr. Hawksbee in his Book 
of Experiments, where he has given a large Account of a great 
many Electrical Experiments that he made. 


p 


4.2. I ſhall ſay no more on this Subject now; becauſe I ſhall 
have Occaſion to conſider it more fully in another Part of my 
Courſe: And the Intent of this Lecture is only to .ſhew,—That 
thoſe Properties of Bodies, ſuch as Gravity, Attractions, and Re- 
pulſions, by which we ſhall hereafter explain ſeveral Phenomena, 
are not occult Qualities or ſuppoſed Virtues, but do really exiſt, 
and are by Experiments and Obſervations made the Objects of our 
Senſes. Theſe Properties produce Effects, according to ſettled 
Laws, always acting in the ſame Manner under the fame Cir- 
cumſtances: And, tho' the Cauſes of thoſe Cauſes * are not + Ann. 24. 
known; ſince we do not reaſon about theſe hidden Cauſes, it is 
plain that we reject occult Qualities, inſtead of admitting them in 
our Philoſophy, as the Carte/ians always object to us. 
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ANNOTATIONS upon the Firſt LECTURE. 


I. [3— But the whole Variety, &c.] 


F we conſider the Bricks of which a Building conſiſts, as its ſmalleſt or 

firſt Parts; we ſhall find that, however ſimilar they are, their different 

Diſpoſition, in reſpect to each other, will produce very different Parts 
of the Edifice: An Arch, a Wall, a Chimney, a Peer, a ſquare or a 
round Pillar, a Globe or a Cube are compos'd of the ſame Sort of Bricks; 
and ſuch as ſerved for one Part, when pulled aſunder, will as readily ſerve 
for another. So in the wonderful Edifice of the Univerſe, there is no need 
of a Difference in the Atoms or firſt Particles, of which the ſeveral Parts 
are compounded ; the fame Atoms being as proper to make Land as Sa, 
to make Gold as Clay: And, when we do not conſider the Soul that actuates 
the Matter, a particular Diſpoſition of the firſt Atoms makes all the Diſ- 


ference betwixt a lifeleſs Lump, and the Body of a curiouſly organiz'd 


Animal. 


One may bring various Examples of Matter trac'd through ſeveral Bo- 
dies, whoſe Changes depend upon the different Texture and Poſition of 
the Parts. N 


When the Water of Rivers, Seas, and Lakes, is ſo rarified by the Heat 
of the Sun, as to become ſpecifically lighter than Air (which will happen, 
when it takes up above goo times the Space in Vapour that it did in Wa- 
ter) it will riſe up ſo high as to form Clouds of various Colours, which 
float about at that Height, where the Air is of the ſame ſpecific Gravity 


as the Clouds. 


When the Winds, by carrying off ſome of the Air above, cauſe that 


which is below to become ſpecifically lighter by its Expanſion ; the Clouds, 


retaining the ſame ſpecific Gravity as they had before, do then deſcend; 
and, by the Reſiſtance which they meet with in their Deſcent, are chang'd 
mto Rain, which falling down to the Earth, does in a great meaſure run 
back into the Rivers and Seas ; but ſome Part of it runs into the Earth, 
and is imbibed by the Seed of Plants. If we conſider ſo much of it as gets 
into the Grains of Wheat that are ſown, the Appearance of it is much 
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chang'd in the green Blade of Corn, then in the Straw, afterwards in Annotar. 
the Ear, and in the Grains contain'd in it, The Wheat, by being ground Le&. I. 
in the Mill, puts on the Form of Flour ; which being made up into Paſte 


and then baked, is again changed into the Cruſt and Crumb of Bread. The 
nouriſhing Parts of the Bread (after it has been eaten by Man, and has paſs'd 
thro? the Stomach) do out of the Inteſtines paſs thro* the Lacteal Veſſels 
into the Receptaculum Chyli, and thence up the Ductus Thoracicus into the 


left Subclavian Vein, or (as an ingenious * Anatomiſt has lately diſcovered), 
4 * - o - . . . of 
into the left internal Jugular Vein; where mixing with the Blood, it goes . 


along with it thro* the Heart and Lungs, where it receives vivifying Par- 
ticles from the Air; and returning into the Heart, is from thence by the 
Action of the left Ventricle of the Heart, and the Arteries, carried to the 
Extremities of the Body. There ſome Part of this new Blood circulates 
back again ; whiift other Parts are changed into the Subſtance of Bones, 
ſome into Membranes, ſome into Hairs, ſome into Nails; and other Parts 
of it paſſing thro* the Glands, are turn*d into Sweat, and ſo become Water 
again, as at firſt, | | 


If we had conſider'd ſuch Drops of Rain as impregnated Linſced; 
we might have trac'd it thro? the Stalks of the Plant, Flax made of that, 
Thread ſpun from the Flax, Linnen made of the Thread, a white Pulp 


made of the Rags of the worn Linnen beaten up with Water at the Paper- 


Mills, Paper made of that Pulp thinly ſpread upon a fine Net-Work of 
Wire; and laſtly the Smoke, which burn'd Paper affords, is again eaſily 
reduc'd to Water. | | 


Solids become Fluids, as Metals do by the Action of Fire, or being dil- 
ſolv'd in acid Menſtruums ; and Fluids put on the Form of Solids, as Mer- 
cury will be made hard by the Fumes of Lead : And two Chymical Li- 
quors will immediately upon their Mixture coaleſce into a firm Sub- 
ſtance, | | 

It is to their particular Figure that Machines and Inſtruments owe 
their Uſefulneſs ; Clocks, Mills and other mechanical Engines being on- 
ly valuable, when their Parts that are made to communicate Motion have 
their proper Fitneſs. | 

The ſame kind of Glaſs produces great Variety of Effects, according 


to the different Figure of its Surface: as is known to all that have ſeen. © 


Optic Glaſſes. | 
The Difference of Seaſons which makes ſuch changes on the Surface of 
our Earth, and even in the Bodies of Animals, is entirely owing to the 
2 Situation of the ſeveral Parts of the Earth in reſpect to the 
un. | 5 


Thoſe that would read more upon this Subject, may conſult Dr. Jobn 
Keils Introductio ad veram Phyficam, Edit. 3. Lett. 7. 
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2. [A. That Mercury re/iſts, &c.] Mercury weighs 135 Times more than 
Water, and is found to reſiſt juſt 144 Times more; and Water which 
weighs between 800 and goo Limes more than Air, is found ta reſiſt juſt 
ſo much more. This Sir aac Newton found by making Experiments up- 
on Pendulums of Wood and Lead in the Air, Pendulums of Lead in Wa- 
ter, and of Ironin Mercury. See his Principia, Edition 2d. Book 2. Prop. 


31. and Prop. 40. where he demonſtrates that the Reſiſtance of Fluids is as 


their Quantity of Matter. 
I made an Experiment before the Royal Society about two Years ago 


with a Ball of Gold of an Inch Diameter, which, being - ſuſpended by a 
String, did firſt oſcillate in Water and then in Mercury: And it appear*d 
that 42 Vibrations in Water deſtroy'd as much of the Motion of the Golden 


Pendulum as three Vibrations in Quickſilver. And letting the Ball of Gold 


fall in a Copper Tube four foot long, and 4 + Inches Diameter, filled with 
Mercury, (from an Height of three Foot ten Inches) and nicely obſerving 
the Time of its Fall, I found by comparing ſeveral Experiments, that 
the Reſiſtance of the Medium (diſcovered -by the Method taught in the 
ſaid 4oth Prop. of the Principia) agreed ſo exactly with Sir 1/aac Newton's 
Theory, as not to differ one Tenth of an Inch in the Space that the Ball 
fell thro', which was three Foot ten Inches. „ 


3. [ And if there be a Medium finer than Light, &c.] See Sir g 
Newton's Optics, ſecond Edition, Book 3d. Queries 18, 19, 20, and 21. 


4. [5— That Quantity, &c. is divi/ible in infinitum, &c.] Of the many 
Demonſtrations brought to prove this Aſſertion, I ſhall only mention two 
that are very plain and obvious. The firſt taken from Dr. £Graveſande's 
Introduction to Sir 1/aac Newton's Philoſophy, Part iſt, No. 18. 


Plate 3. F. . 


Let there be a Line A D perpendicular to BF, and another as G H at 
a ſmall Diſtance from A, alſo perpendicular to the ſame Line. With the 
ſeveral Centers C, C, C, &c. and Diſtances C A, C A, &c. deſcribe Cir- 
cles cutting the Line G H in the Points e, e, Sc. The greater the Radius 


AC is, the leſs is the part e G. Since the Radius may be augmented in 


infinitum, therefore the Part e G may be diminiſh'd in the ſame Manner; 
and yet it can never be reduc d to nothing, becauſe the Circle can never 
coincide with the right Line B F. 
The next is from Dr. John Keil's Introductio ad veram Phyf. Tet. 3. 
De Magnitudinum Diviſibilitate. | 27 
Let AB (Plate 3. Fig. 2.) be a Perpendicular between the Parallels 
CD, E F. From the Point C in one of the Parallels draw the Line C G 
to a Point G on the other Parallel, on the other ſide of the Perpendicular 
| | | | | AB, 


P 
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A B, and it will divide the ſaid Perpendicular into two Parts at K: Ano- Annotat. 


ther Line drawn from C to H will divide. the Part K A (of AB) into Lee. I. 
two Parts; and fince upon the Line EF, which may be produc'd in Inſin. 
tum, other Points as I; &c. may be taken, new Lines may ſtill be drawn to 
divide the remaining Part of A B. For whatever Line is drawn from C 
to any Point of the Line E F, however diſtant, 1t can never coincide with 
the Line CD; and therefore it will ſtill divide the Part of AB that remains 
after the foregoing Diviſion. EY 1 
For other and more ample Demonſtrations, ſee the ſaid Lef. 3d, 
where he alſo ſhews the Abſurdity of the contrary Opinion: And in the 
next Lecture he removes the Objections alledg'd againſt the Diviſibility of 
Quantity; by demonſtrating thoſe very Aſſertions to be true, which the 
Objectors alledge as abſurd Conſequences of the Diviſibility of Magnitude 
in Infinitum. | | | | 
As Firſt, That a finite Quantity may have an infinite Number of Parts. 
For if the Line A B * be divided into an Hundred Parts, all thoſe Parts . plate 3 
taken together will be equal to AB; and if it be divided into a Thouſand pig 3. 


Parts, all thoſe Parts taken together will ſtill be equal to AB. Now, 


a Thouſand may be encreaſed in any Proportion, nay, may receive an 
infinite Addition of Numbers; and ſince, however the Number of Parts 
is increaſed, the Sum of them can never exceed the Line AB; the faid 
Line may, without an Abſurdity, be ſaid to contain an infinite Number of 
Parts. | | | 
Secondly, That it implies no Contradiction, but is agreeable to Geometry, 


to ſay, that a Finite may be equal to an Infinite; ſhewing that a finite Space | 
is equal to an infinite one, and that an infinite Solid is equal to a finite one. 
Thirdly, That there are Infinites, whoſe Magnitudes bear certain Proper- 
_ to one another, and that ſome are bigger, (nay infinitely bigger) chan 
others. | | 
In the Circle ABF I take an Arc BF infinitely ſmall, then the Chord . plate 3. 
BF will be infinitely ſmaller than the Diameter AB; and yet it will be Fig. 4. 
infinitely greater than the vers'd Sine BG, found by drawing FG perpendi- ps | 
cular to BA, Likewiſe in the Circle B FA“ if the Arc BF be taken Plate 3. | : 
infinitely ſmall, BE be its Tangent, FG the Right Sine, BG the vers'd Fig 5: I 
Sine, and FH equal and parallel to the vers'd Sine; it is demonſtrable, _ _. l 
that CB is infinitely greater than B E, and BE infinitely greater than BG, | > 
and BG than HE. e | 3 
But the moſt ſurprizing thing of this Kind, is, that if AE and | l 
AB I be drawn at right Angles, and the Parabolic Curves of different + Plate ; = 
kinds, C, D, G, E, be drawn thro' the Point A; the Angle of Contact Fig. 6. 
FAC, which is infinitely leſs than any rectilinear Angle, will be infi- 5 
nitely greater than the Angle FAD, and FAG will be infinitely leſs B: 
than FAD: And fo there may be an infinite Series of Angles of Con- | y 
tact going on infinitely, of which every following one is infinitely greater . Y 
than the former : Nay, between any two Angles, there may be inſerted \ 
Vos. FL. E innumerable \ 
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| Annotat. innumerable Angles infinitely greater than each other. And even between 
i Left. I. any two of theſe Angles, there may be a Series of intermediate Angles go- 
| ing on in Inſinitum; of which every following one is infinitely greater than = 
the former. And thus Nature knows no Bounds. See the Demonſtrations 2 

of theſe Propoſitions in the ſame Book, Lect. 4. | 
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5. [6— There are Atoms, &c.] Dr. Keil in his Introduction, Le. 5r. : 
deduces the two following Theorems from the infinite Diviſibility op 
Matter. | | a | 1 


TR EOR EM I. 


& Any Quantity of Matter, how ſmall ſoever, and any finite Space, how 

„ great ſoever, being given, (as for Example, a Cube circumſcrib'd about 
<« the Sphere of Saturn ;) it is poſſible for the Matter of that ſmall Sand 
eto be diffus'd throughout all that Space, and to fill it fo, that there ſhall = 

+ be no Pore or Interſtice in it, whoſe Diameter ſhall exceed a given = 

-15* Lane. 3 | > S | EE, 
From the Demonſtration of this Theorem, he draws the following Corol- | 

lary, which ſerves for the Demonſtration of the other. N 1 


Cor. Hence there may be given a Body, whoſe Matter, if it be reduc d 
* into a Space abfolutely full; that Space may be any given Part of its 
former Magnitude. | | = 


THEOREVM II. | _ = 


There may be two Bodies of equal Bulk, whoſe Quantities of Mat. 
« ter being unequal in any Proportion; yet the Sum of their Pores, or the | 
% void Spaces in the two Bodies, ſhall be almoſt equal. 7 
The Doctor applies his Demonſtration to an Inch Cube of Gold, and an {ft 
Inch Cube of Air ; the Subſtance of which is as follows. | i 
* Plate 3 The Cubic Inch of Gold * A, contains near 20000 Times more = | 
Fig. 7” Matter than the Cubic Inch of Air B; but we will only ſuppoſe 8 - 
it to contain 10000 Times more. Now let the Matter in A be re- 1 
duced into a Space abſolutely full, which we will ſuppoſe equal to tle 17 
— — Part of a Cubic Inch; (which may be done by the Cor. of the laſt 7F I 
Theorem. Then if the Matter in B be reduc'd to a Space abſolutely full, 


3 5 1 | . 3 
it will only take up the 5 Part of a Cubic Inch, becauſe 3 


contained I0000 Times leſs Matter than A. To compare theſe two full ; 
Spaces, let us make the Denominators of the two Fractions the ſame f. z . 


N 
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10000 . a 5 
and 7 568 000 688 will expreſs the ſolid Space in the Inch of Gold: There- 


fore the ä — remaining Parts of that Cubic Inch will be void 


I 000 000 000 | 
Spaces; whilſt the void Spaces in the Inch of Air, (after its Matter has 


been reduc'd to a Solid) are expreſs'd by the Fraction | - _ 55 5 | 22, And 


conſequently ſince the Numbers 999 990 ooo and 999 999 999 are almoſt- 
in the Ratio of Equality ; the void Spaces in both Bodies are nearly 
equal, . 
Though theſe Theorems ſeem inconſiſtent with the Doctrine of Atoms, 
they do not overthrow it; becaule, as they are deduced from the Diviſibi- 
lity of Quantity, they are rather Mathematical than Phyſical. For though 
an Atom may be conceiv'd of an exceeding Smallneſs, yet its Diameter muſt 
be of a determinate length, and conſequently too big to anſwer the Condi- 
tions of the firſt Theorem, which ſuppoſes no firſt Parts, But then even in 
an Atom (or firſt Phyſical Part) Mathematicians may aſſign Parts ſmaller 
in any Proportion, ſo as to agree with the forementioned Theorems : For 
thoſe Particles of natural Bodies, which cannot be divided in the Ope- 
rations of Nature, do virtually contain an infinite Number of Parts ; tho? 
thoſe Parts are never ſeparated from one another. | | 
Notwithftanding, that giving Atoms a certain Bigneſs limits Dr. Kei/'s . 


Theorems in the Phyſical Senſe ; yet it appears from Phenomena, that there 


actually exiſt Particles ſmall enough to agree with the firſt Theorem, if a 
Grain of Sand be made uſe of to fill the Sphere of Saturn; and with the 


fecond Theorem, if an Inch of Gold be compar'd with an Inch of Air; on- 


ly ſuppoſing (which is more than probable) that a Body perfectly ſolid is 
as much denſer than Gold, as Gold is denſer than Light, or Ether which 
is ſtill rarer than Light. | 

And if a Grain of Sand be ſuppos'd divided into ſo many Parts, as to 
fill the Sphere of Saturn, without having any Pore bigger in Diameter than 
an. Hair; thoſe Particles may be ſtill bigger than thoſe of ther, if not 
bigger than thoſe of Light. 


6. [7 —— Theſe are to be imagind of an unconceivable Smallneſs, &c.] 
Though it be ſurprizing to think, that Matter ſhould be actually divided 
into Parts ſo ſmall, as we have mentioned in the foregoing Note; a few 
Inſtances of the ſmall Parts into which it is divided by Art, or the Work of 
Mens Hands; and ſome Examples of its Subtility, as it is naturally diſpersd 
all over the Univerſe, will make the Aſſertion very plain to any body that 
will afford the leaſt Attention, | 

The Gold-Beaters, even with coarſe Tools, reduce that Metal to ſuch a 
Thinneſs, that fifty ſquare Inches of Leaf-Gold weigh but one Grain. Now 


the Length of an Inch may be divided into 200 viſible Parts, as appears in 
** Plate 
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Plate 3. Fig. 8. where the 20th Part of an Inch is diſtinguiſh*d. into ten 


Lee. I. viſible Parts by fix black Strokes and five white Interſtices ?. Then multi- 
==y—_ plying 200 by 200 we have 40000, for the viſible Parts of a ſquare Inch; 


plate * 


Fig. 8. 


which are contain'd 50 Times in a Grain of Gold; and therefore by this 


means it becomes divided into 2 OOO ooo of viſible Parts. 


If we conſider the gilding of Silver, we ſhall find Gold in that caſe to 
contain viſible Parts, even after it has been divided above ten times more; 
for eight Grains of Gold will gild a whole Ounce of Silver, which is after- 
wards drawn into a Wire 13000 Foot long; therefore one Grain gilds a Wire 
1625 Foot long. And as every Foot (by what we have faid above) muſt 
contain 2400 viſible Parts, the whole Length of the Wire contains 3 900 000 
little Cylinders, which being turn'd into Cubes, will each of them have 
ſix viſible Sides ; and conſequently by this laft Operation, one Grain of 
Gold, inſtead of being divided into Two Millions of viſible Parts, will 
be divided into 23 400 coo, which is almoſt twelve times as many. 
That one may reaſonably take Cubes for the little Cylinders, appears, 
when we conſider further, that all this Wire is beaten flat in order 
to wrap it round Silk for making Gold Lace; and that even after flaiten- 
ing, the beſt Microſcope cannot diſcover the Silver through the gilding. 
This ſhews, that in this thin Skin, ſeveral Parts of the Gold ſtill 
lie upon one another; though the Thickneſs of it (as Dr. Halley 
has ſhewn, Philoſ. Tran. Numb. 194.) is but . : Part of an Inch, or 
62,25 times leſs than the 2ooth Part of an Inch that we have taken, as 


the leaſt viſible Part of an Inch in Length. 


Mr. Boyle, in his Book of The Nature and Subtilty of Effluvia, mentions, 
that one Grain of Copper diſſolv'd in Spirit of Sal Armoniac, will give a 
ſtrong blue Tincture to 105,157 Cubic Inches, or near two Quarts of 
Water. Now ſuppoſing no leſs a Cube of this ting*d Water to be viſi- 
ble, than ſuch a one whoſe Side is equal to the 100th Part of an Inch 
(which is making eight times more Allowance than we did in reſpect 
of the Gold) it will appear upon Computation, that a Grain of Sand fo 


_. ſmall, that a Million of them may be contain'd in a Cubic Inch, does con- 


tain two Millions an Hundred and eleven Thouſand and four Hundred (or 
2 111 400) ſuch Parts as the ſingle Grain of Copper is actually divided into. 
The ſame Gentleman, having expos'd to the open Air a certain. Quantity 
of Aſa Fætida, found it diminiſh'd in Weight but the eighth Part of a 
Grain in ſix Days. Now if we ſuppoſe, that during all that time a Man 
could imell the / Fetida at the Diſtance of five Feet, it will appear, 
that the Particles, into which the A Fztida is divided, cannot exceed in 
a | I . 
Bigneſs the 
| 206 250 O00 000' OOO 000 | 
The late Mr. Lewenhoek, that ingenious Searcher into Nature, gives us an 
Account, that in the Milt of one Cod-Fiſh there were more little Animals, 


than there are Inhabitants upon the Face of the Earth. Now by only knowing 
| N . 


Part of an Inch. 
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= Part of a Cubic Inch : And, therefore, ſeveral Thou- 


36 000 000 000 000 BT 
fands of them might ſtand upon a Needle's Point. And it appears alſo, that 


if we compare theſe to a Whale ; they will be much leſs in Proportion, 
than a Whale is, when compared with the whole Globe of the Earth. 
As every Anima! is an organiz d Body; how fine, delicate and ſubtile muſt 
be the Parts that make up one of theſe: Animals? How ſmall muſt be its 
Heart ? How inconceiveably little its Veins and Arteries ? And much leſs 
muſt be the Globules of that Fluid which ſerves it for Blood, and 
which are ſtill carried along in a finer Fluid. It is worth while to conſider 
the Smalineſs of thoſe Globules; which we may do by making the follow- 
ing Allowance ; namely, That the Particles of Blood of thoſe Animals 
are as much leſs than their Bodies, as the globular Particles of the hu- 
man Blood are leſs than a Man's Body. 


A Man's Body is to that of an Animalculum, as 170 8 


| | | 1 
Diameter of the Globules of a Man's Blood are not bigger than g 


| 79 200 
Part of an Inch +, (becauſe Lewenhoek found the Diameter of the Veſſels 


3 


rh which they run to be no bigger) therefore as 17 i — 
through * gger) e to 100 000? ſo 
— al or in Decimals —— - there- 


179 200 2134 640 000 000 I 000 O00 oO 000 


fore the Globules of Blood in theſe little Creatures cannot be ſo big as the 


| 8 

his Number or | 

Cube of this 0 der or 1 000 000 000 O00 000 O00 000 000 000 000 000 
Parts of an Inch. | | | 1 


But ſince theſe Numbers, expreſs'd in Figures, do not immediately 


give an Idea of the Smallneſs of theſe Globules ; Dr. Keil (in whoſe Fifth 
Lecture one may find at full Length the Demonſtrations, that prove our 


two laſt Paragraphs) has ſhewn, that the ſmalleſt viſible Grain of Sand 


would contain more of theſe Globules, than ten Thouſand two Hundred and 
Fifty-ſix of the higheſt Mountains in the World would contain Grains of Sand. 
What we have faid hitherto, ſhews into how many ſmall Parts Bodies are 
actually divided; but there are Particles of Matter, ſo much ſmaller than 
the Globules above mentioned, that thoſe Globules compared with them 
will not only be as Mountains, but as vaſt Earths. I mean the Particles 
| of 

+ The learned and ingenious Dr J. Jurin, Secr. of the Royal Society, has not long fince found 


Globules of the human Bload ts be bigger than what is here mentioned; and having communi- 


cated his Obſervations to Mr. Lewenhock, ava, by him confirm d in his Aſertion; but I did not think 


ae to alter this Calculation, fince I Hall jpeak ful'y upon this Subject in another Place of this 
curſe. | | 


3 7 and the 
OOO 
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the Focal Length of the Lens, or Glaſs of the Microſcope, we can by the Rules Annotar, 
of Optics find the bigneſs of thole Animalcula, which cannot be ſo big as the Led. I. 
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Annotat. of Light, whoſe inconceivable Fineneſs puzzles our Conception. How 


amazingly little muſt thoſe Particles be which flow from fuch a Candle, 


—yY=— whoſe Light may be ſeen at two Miles diſtance ? Since every Inſtant of 


Time, Particles muſt be darted out to fill a Sphere of four Miles in Diame- 
ter, ſo that a Pin's Head cannot be placed any where in that Sphere with- 
out receiving ſome Particles of Light. Dr. Newentiit ſhews, that the 
fourteenth. Part of a Grain of Wax or Tallow, (that is conſumed in one 
Second of Time in a Candle of fix to the Pound, ) produces a greater Num- 
ber of Particles of Light, than a Thouſand Times a Thouſand Millions of 
Earths, (equal to our Earth) would be able to contain Grains of Sand. See 


Religious Philoſopher, Vol. 3. Contemplation 25. See. 15, 16, 17. 


7: There muſt be a great deal of Vacuity, &c.) The different ſpe- 
cific Gravity of Bodies plainly proves this Aſſertion, as will be more tul- 
ly ſhewn in the ſecond Lecture. And in Fluids this is evident from their 


different Reſiſtance, which we have already ſhewn to be proportionable to 


the Quantity of Matter in Bodies. | 


8. [——MI Spaces are not equally full of Matter.) If there was any 
ſuch thing as a Subtile Matter, that wholly filPd up the Vacuities of Bodies, 
and the whole Ethereal Space in which the Planets move; its Reſiſtance 
would be ſuch as far to exceed the Reſiſtance of Quickſilver. In ſuch a 
Medium as that, even a perfectly ſohd Globe muſt loſe half its Motion, 
before it could move thrice the length of its own Diameter ; and ſuch 
Globes, as the Planets are, would be ftopt much ſooner : wherefore *tis ab- 
ſolutely neceſſary for continuing the Motions of the Planets and Comets, 
that the Places, they move in, be almoſt entirely void of Matter. That 
they are ſo, appears from the ſwift Motion of the Tail of a Comet, that 
does not appear to meet with any ſenſible Reſiſtance in the Medinm in 
which it moves, though it is expanded ſo wide, and made up of. ſo thin 
a Vapour. | | | | Fi 


9. (9—— Much more Vacuum than Matter, &c.] That there is more 
Vacuity in Bodies than Matter, may be clearly deduced from the Proper- 
ties of tranſparent Bodies ; for the Rays of Light are ſpread every way in 
right Lines through Water, Glaſs, or a Diamond, with no more Difficulty 
(nay, with more Swiftneſs) than they are carried through the Air, whatſoever 
Side of the tranſparent Body be expoſed to the Light ; therefore there is 
always a rectilinear Paſſage for the Light, from the leaſt aflignable Part of 


the tranſparent Body to any other Part of it : And this could never happen, 


unleſs the Quantity of Matter in ſuch a Body was extremely ſmall when 


compar'd with its Bulk. Perhaps in a Diamond the ſolid Matter, compar'd 


to its Bulk, bears a leſs Proportion than the Diamond does to the whole 
Globe of the Earth: Which will not appear impoſſible, to thoſe that conſi- 
der what has been ſaid before upon this Subject. Now ſince Gold is not 
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above ſix times denſer than a Diamond, how much more Vacuity muſt be Annotat. 
in it than Matter? This ſhews the Reaſon why the Zfiuvia of the Load- Led. I. 
ſtone paſs through Gold as eaſily, as through the Air; for if a Plate of God 


or any other Metal (except Iron) be interpoſed between a Loaditone and a 
touch'd Needle, which is drawn out of its Poſition by the Virtue of the 
Stone, the Needle will in no wiſe be leſs affected than before. Nay, thoſe 
Effuvia may for a whole Day paſs through the Brain, a Body ſo tender 
and of ſo delicate a Contexture, without affecting the Nerves with any Sen- 
ſation, or diſturbing the leaſt Thought. 

The Vapour of the Aurora Borealis (which ſome imagine to conſiſt in a 
great meaſure of the Magnetic Efiuvia of the Earth) does freely pals 
through Houſes and Trees, and dart through the Bodies of Animals with- 
out being felt z as appears from Obſervations madeupon that Phenomenon, 
when viewed from ſeveral Places at once. | 


10. [15——Any Weight may hang, &c.] The ſame Experiment may be 
made, by means of a ſpiral Spring in one of the Balls within a Barrel on 
which a Striug is wound up. For the end of the String being faſten*d to ano- 
ther Ball equal to (or double, or triple) the Ball that has the Spring; upon 
pulling the Balls aſunder, they will come together again with Velocities re- 


ciprocally proportional to their Maſſes. See Plate 3. Fig. 9. Where A“ repre- * Plate 3. 
ſents the Section of an hollow Braſs Ball, with a ſpiral Spring S and Barrel Fig. 9. 


within it,, contrived in ſuch manner as. to pull back into the Ball the whole 
String AB, when it has been pull'd out by the End B. The Ball Bis ſo- 


lid and of Ivory, but of the ſame Weight as the hollow Ball A. Now if 


the Ball B be pulled from A to the Diſtance A B, upon letting go both 
the Balls at once, they will meet at C, the middle Point between them; but 
if B be a Ball twice as heavy as A, upon letting both go they will meet at 
D, D B being but half of the Diſtance AD. 


11. [17 - or Gravity being a Virtue diffusd, &c.] When we compare 


Gravity to Light and Heat, we would not be underſtood to derive their 
Effects from the ſame Cauſe ; or to aſſert, that all Sorts of Attractions in 


Bodies have the ſame Laws, ſince the Attraction of Coheſion®, and the At- *L:1.No.19, 
traction of the Loadſtone , do not act in that Manner: But here we only 20, &c. 
ſpeak of the Attraction of Gravity, whereby the Bodies about us are driven f L. 1. No. 29. 


towards the Earth, and the Earth and Planets are driven towards the 
Sun; which Attraction is called alſo a Centripetal Force: And whatever be 
its Cauſe, its Laws above mentioned have been diſcover'd by Obſervations 
2 Experiments, which have always concurred to confirm the Theory of 
ravity. | 

In order to have a clear Notion of the Effects of Gravity, or the Centripe- 
tal Force, we muſt conſider it in three Reſpects: Either in reſpect to the 
Quantity of Force in the Central Body that attracts others, (or towards which 
Circumambient Bodies tend) which is call *dthe Abſolute Force; or in reſpect 

| | | to 
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Annotat. to the Velocity with which other Bodies move towards the Central one, 
Lect. I. which is call'd the Accelerating Force; or in reſpect to the Quantity of 
Motion in the ſaid Bodies, when compar'd with each other, which is pro- 
portional to the Obſtacle that they are able to remove, and is called the 
Moving Force. | | | N | 
The Abſolute Force is proportionable to the Efficacy of the Cauſe that 
ſpreads its Virtue from a Center round about. So if the Earth had twice 
the Quantity of Matter that it has now, (whether it was twice as big, or 
only twice as denſe) it would have twice the Abſolute Force. Thus the 
Moon has near forty times leſs A-{olute Force than the Earth, becauſe it 
has almoſt forty times leſs Matter. Its Bulk indeed, (which is as the Cube 
of the Diameter) is almoſt fifty times Jeſs than that of the Earth ; but then 
it is denſer in the proportion of 21 to 17. See Sir Iſaac Newton's Principia, 
Book 3. Prop. 37. Corol. 3. 5 
The Acceler ting Herce 1s expreſſed by that Velocity generated in a given 
Time, with which Bodies (conſideved as Phyſical Points) move towards 
the central Body attracting them by its Abſolute Force. And this Accele- 
rating Force is greater or leſs according to the Diſtance of the Center of 
Lect. 1. the Force, in the reciprocal duplicate Proportion above mentioned“. Thus 
N. 17. is the Gravity, that makes Bodies tend towards the Center of the Earth, 
greater in Vallies than on the Tops of high Mountains; greater at the 
Poles than at the Equator, which is ſeventeen Miles higher; and greater 
at the Aquator than at greater Diſtances from the Globe of the Earth: 
For the ſame Body, which, near the Surface of the Earth, falls ſixteen Foot 
in the firſt Second of its Fall, would fali but four Foot in the ſame time, if 
it began to fall at the Height of 4000 Miles from the Surface of the Earth, 
or two-Semidiameters Diſtance from its Center. At equal Diſtances the 
| Accelerating Force is the ſame every where: becauſe all Bodies large or 
+ Lect. 1. ſmall, heavier or lighter, (abſtracting from the Reſiſtance of the Air,) are 
No. 8. Ex- equally accelerated in their Fall . | 
per. I. The Moving Force is proportional to the Quantity of Motion, which 
| the Abſolute Force of the central Body generates in a given Time, in the 
Bodies that it acts upon. Though in reſpect of the Earth, we conſider the 
- biggeſt Bodies that are attracted by it (and even the Moon it ſelf) as Phy- 
fical Points; yet when we compare the Bodies with each other, we muſt 
have a Regard to their reſpective Quantities of Matter: for Bodies that 
have the ſame Accelerating Force, or move with the ſame Velocity, have 
their Quantities of Motion greater or leſs, as they have more or leſs Mat- 
ter, or as they are more or leſs heavy; becauſe the Moving Force of a 
Body is made up of the Sum of the Actions of the Accelerating Force of 
all its Parts, and conſequently it is found by multiplying the Quantity of 
Matter into the Accelerating Force; as the Quantity of Motion in Bo- 
dies is found, by multiplying their Matter, or their Maſs, into their E 
Veloct ty. | 2 | T 5 
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at the Surface of the Earth; becauſe the Accelerating Force being four times 


the Moon 1 /ib. or 4 times more than it did before, for the ſame Reaſon. 
Now if the Moon, without any new Addition of Matter, was ſo expanded or 
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Hence near the Surface of the Earth, where the Gravitating or Accelera- Annotat. 
ting Force on all Bodies is the fame, the Moving Force or Weight is as the Lect. I. 
Body: But if we aſcend to Places where the Accelerating Gravily is leſs, =—w— 
the Weight will alſo be diminiſn'd and become as the Maſs of the Body 
multiplied by the Accelerating Force, Thus if a Weight of one Pound 
and a Weight of four Pounds begin to fall near the Surface of the Earth, 
their Moving Forces will be as 4 and 1; for if we take 16 for the Accelerating 
Force, equal in (and common to) both, 16 times 4, (or 64) will be juſt 4 
times as much as 16, (or 16 times 1.) But if the four Pound Weight was re- 
mov*dto the Height of 4000 Miles, or two Semidiameters from the Center of 
the Earth, its Moving Force then would be juſt equal to that of one Pound 


leſs at twice the Diſtance from the Center, 4 times 4 or 16 would then ex- 
preſs the Moving Force of the heavier Body. 
If the one Pound Weight was plac'd at the Diſtance of two Semidiame- 
ters, its Moving Force would be 16 times leſs than that of the 4 Pound 
Weight at the Surface of the Earth. "2 
A clear Idea of theſe three Forces will ſhew the Reaſon of ſome Pbæno- 
mena, which would otherwiſe be hard to explain: As for Example, we 
have already ſaid, that the Earth has near forty times more Matter than the 
Moon ; and yet Bodies on the Surface of the Moon weigh but three times 
leſs than they do on the Surface of the Earth, though the Moon's Abſolute 
Force be forty times leſs. But to ſhew that this is a neceſſary Conſequence 
of what has been ſaid, let us examine this Matter by Numbers. | 
Let T AB repreſent the Earth, and L the Moon, A B a Diameter * Plate z. 
of the Earth; and & d a Diameter of the Moon (which are to one another Fig. 10. 
as the Numbers 365 and 100) and let the Lines C E and ce be each equal 
to a Diameter of the Earth. Now if we ſuppoſe a Body plac'd at E, 
whoſe Weight or Gravity towards the Earth is there equal to 9,8427 Pounds; 
the ſame Body plac'd at e, juſt as far from the Center of the Moon, as it 
was before from the Center of the Earth, will weigh towards the Moon L 
but 0,25 Pound, or a Quarter of a Pound; becauſe the Maſſes or Quantities 
of Matter in thoſe two Bodies, and conſequently their Ab/olute Forces, are to 
one another as theſe Numbers, or as 39,721 to 1, which are in the ſame 
Proportion. Newtoni Prin. Lib. 3. Prop. 37. Corol. 4. | 
Then if the Body above-mention'd be plac'd at A, diſtant from the Center 
of the Earth but a Semidiameter, it will T weigh towards the Earth four 4 L. 1. Ne. 17. 
times more than it did at E, or 39,721 lib. and at @ it will weigh towards 


rarified, as to fill up the Sphere a, which is equal to the Globe of the 
Earth, then the Point @ would be on the Surface of the Moon, as the 
Point A is on the Surface of the Earth; and in that Caſe the 
Weight of Bodies on the Surface of the Earth would be to the Weight 
of Bodies on the Surface of the Moon, preciſely as the Quantity of Matter 
in the Earth, to the Quantity of Matter in the Moon; and conſequently as 
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Annotat, their Ab/olute Forces, But as the Moon is leſs in Diameter than the Earth, 


Lect. I. 


when the Body that weighed 1 7. at a comes to be placed on its Surface 


at q it will be nearer to the Center of the Moon than it was, in the Pro- 


»I Ne. ig., portion of 182,5 to 50, or 365 to 100, and therefore “ it will then weigh 
13,3225 lib; for as the Square of cd (100 x 100= 10000) is to the Square 


of ca (365 x 3652133225) ſo is 1, or the Weight of the Body placed at 4 
to 13,3225, the Weight of the ſame Body upon the Surface of the Moon ; 
which Number being very near the third Part of 39,371, ſhews, that Bodies 
en the Surface of the Moon weigh about a third Part of what they do on 
tue Surface of the Earth. J/hich was to be demonſtrated. | 
Hence it follows, That Bodies weigh more on the Surface of the ſmall 
Plancts, in proportion to their Quantity of Matter, than on the Surface 
of the larger. Thus upon the vaſt Globe of Fupiter, whoſe Quantity of 
Matter or Abſolute Force is 220 times greater than that of the Earth, Bo- 
dies weigh but twice as much as they would do upon the Surface of the 
Earth. And upon the immenſe Body of the Sun, whoſe Quantity of Mat- 
ter is 227512 times more than that of the Earth, Bodies weigh only 24,4 


times more than they do upon the Surface of the Earth. 


Hence follows allo, that in reſpe& of any Planet or central Body, as for 
Example, the Earth, the Weight of Bodies gravitating towards its Center 
is greater on its Surface, than at any Diſtance without it, or any where 
within it, though nearer the Center. For if the ſame Body which at A 
weighed 39,371 lib. ſhould be brought to D, a Point within the Earth as 
near to C the Center of the Earth TAB, as d is to c the Center of the 


Moon L, it would-not increaſe its Weight towards C 13,3225 times, as it 


does when remov'd from à to d; but it would diminiſh it in the Propor- 
tion of 365 to 100, becauſe that Part of the Earth towards the Surface 
between D and A attracts back the Body towards A. 

he juſt Proportion of this Decreaſe of Gravity is determined by Sir 1/aac 
Newton, Lib. 3. Prop. g. to. be always as the Diſtance from the Center, 
going from the Surface downwards: And as the Principles from which it 
is deduc'd are very evident, I ſhall repeat them here. | 


If there be a concave ſpherical Surface, whoſe Particles attract according 


to the Laws of Gravity above-mentioned, as IHK L, T any little Body 
within it will remain at reſt where-ever it is plac'd, the Attractions 
round about deſtroying one another. This is evident, if the Body be 


plac'd at C in the Center. And if the Body be plac'd at P as near again 


to HI as to K L, the fame thing will follow; for let the Lines IK and 
K L, be drawn, and it will be evident that the ſpherical Segment between 
K and L. will be four times greater than the Segment between I and H, 
becauſe K L is equal to twice HI; therefore there are four times more at- 
tracting Particles at KL thanat HI; but HI being twice nearer to the 


Body P, attracts it four times as much, which makes amends for the fewer 


Particles contain*d in the leſſer Segment: for the Product of the Ab/olute 
Force of FI I (1) multiplied into its Accelerating Force (which here is 4) is 
| 1 | equal 
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equal to the Product of the Abſolute Force of KL (4) multiplied into its Annotat. 
Accelerating Force, which is but 1. This will bold good in reſpect of any other Lect. I. 


Part of the Surface or Poſition of the Corpuſcle : And if the Corpuſcle be put 
into Motion, it will go on uniformly in the concave Sphere, as if it was not 
attra##ed at all, If inſtead of a Surface there was a Shell of any Thickneſs, 
as ABHIKLEF, every thing elſe would remain as before aſſerted, provided 
that Shell was every where of the ſame Thickneſs and Denſity. 

If the Hollow HI KL be fill'd with a ſolid Sphere, and the Corpuſcle 
be plac'd at P, it will be attracted towards the Center C only by the Force 
of the inner Sphere H IKL; for the attractive Forces of the ſeveral Paris 
of the Shell deſtroy one another, as has been ſhewn before. If the Corpu- 


{ele be remov*d to Q, it will be only attracted by the Sphere QR. Let us 


ſuppoſe the Ab/olute Force of the whole Sphere AB=64; the Lines BC, 


PC, and QC, as 4, 2, and 1; and the Accelerating Force of the Corpu- 


ſcle at B to be = I; its Moving Force will of conſequence be 64. Now if 
the Corpuſcle be brought to P (as near again to the Center of the Forces) 
its Accelerating Force will be 4, but then that Number muſt only be multi- 
plied by the Abſolute Force of the Sphere H IKL, which being twice leis 
in Diameter than the Sphere A B, is eight times leſs in Solidity, and there- 
fore its Ab/olute Force will be but 8; which multiplied into the Accelerating 


Force 4, gives only 32 for the Moving Force of the Corpuſcle at P. If the 


Corpuſcle be brought to Q, four times nearer to C, its Accelerating Force 
will be 16; which being multiplied by 1, the Abſolute Force of the Sphere 
Q (which 1s four times ſeſs in Diameter than the Sphere AB) will give 16 


— —— 


Plate 3. 
Fig. 12. 


for the Moving Force of the Particle at Q Now ſince the Moving Fos ces, 


whereby the Corpuſcle or Particle at B, P, and Q gravitates towards the 
Center C, are as 64, 32, and 16, and the Diſtances from the Center are 
as 4, 2, and 1; it follows, That going from the Surface of a Planet down- 
wards, the Gravity decreaſes direfily as the Diſtance from the Center. Which 
was to be demonſtrated. 

To apply this to what we faid before; if we conceive a Globe CD 
within the Earth T + equal to, and equally denſe with the Moon ; the Body 
which at A weighed 39,721 lib. will at D weigh juſt 13,3225 Pounds, as 
it would do upon the Moon's Surface. 


12. [18— If a Cube of an Inch, &c.] As in the Bodies ſhin*d upon | 


we only conſider the Surfaces enlighten'd; the Experiment may be made 
with ſimilar Pieces of Paſtboard expoſed to the Light: As for Example, a 


Circle, a Square, a Pentagon, or any other Polygon of an Inch Diameter 


a Foot diſtant from the Candle, will receive the fame Quantity of Light 
that falls upon a Circle, Square,. or Pentagon, &c. of two Inches Diameter 
at two Foot from the Candle, or the like Figures of three Inches Diameter 
at three Foot from the Candle; where we are to obſerve, that the Strength 
of the Light is diminiſh'd in the ſame Proportion, as the Area of the Fi- 


gures is increaſed : that is, here at the Diſtances of 1, 2, and 3 Feet, the 
F 2 | Strength 
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Strength of the Light will be as 9, 4, 1; which we call a reciprocal Du- 
plicate Proportion of the Diſtances. | | 


13. [19-- When the Wood is more ſolid, &c.] If we make uſe of a Glue 
whoſe Parts are finer in proportion to thoſe of the Woad to be joined to- 


gether, it will hold as faſt as in ſofter Wood; as is experienced, when hard 


+ Plate 3. 
Fig. 14. 


Fig. 15. 


t Fig. 17. 


Wood is glued with Fiſh-Glue diflolv*d in Spirit of Wine. 


14. [19—The Figure of any Portion of a Fluid, &c.] When two ſmall 
Drops come to touch one another, they firſt become oval, and then im- 
mediately ſpherical. Now when the Drop is of an oval Figure, the Preſ- 


ſure of an external Fluid acting upon it from all Parts cannot alter the Fi- 


gure of the Drop, ſo as to bring it to be round; neither can it make it flat- 
ter, as ſome have imagin'd, who have aſſerted, 
Attraction of the Particles of the Liquor, but only the Preſſure of an exter- 
nal Fluid, an oval Drop would be more preſs'd againſt the Ends of the 
ſhort Diameters, than againſt the Ends of the long one, or of the Drop, 
which would cauſe it to be lengthen'd. But I ſhall not make uſe of this 
Argument, becauſe it is a Fallacy; as will appear to ſuch as will be at 
the pains to conſult Sir I/. Newton's Principia, Lib. 2. Prop. 19. where it is 
demonſtrated, that if any Portion of a Fluid be preſſed by the ſame or 
any other homogeneous Fluid acting from all Sides, that Portion will not 
have its Figure alter*d by that Preſſure. 


15. [19—//hereas from a mutual Attraction of the little Globules, &c.] 
If two ſimilar and equal Globules A and B attract one another and touch 
at C, they will remain at reſt, as they would if they touch'd at E or at D, 


or any other Point in the Circumference of either of them, becauſe the 


Contact would till be the ſame : And therefore a very ſmall Force will re- 
move B from its Contact at C to E, or any other Point of the Circumfe- 
rence (or rather of the Surface of the Sphere) CED; becauſe in going 
round one Globule, it ſtill continues to touch it as much as it did before. 
If there be three Globules A, B, F, F touching one another in ſuch man- 
ner, that their Centers are in the Line @ &, they will remain in that Poſi- 
tion; but if any one of them be mov*d out of that Poſition as F“, it will 


not remain at F, but move on toward C, where the other Globule A 


will meet it; ſo that each of the three Globules will touch in two Points, 
being.as many Points as three Spheres can touch one another in, See 
Fig. 16. . | 

If there be four Globules in the Poſition g A, B, f, + they will for the 
ſame Reaſons come into the Poſition A, F, B, G, ſuppoling their Centers all 


in the ſame Plane ; but if any one of them, as F, be lifted up, it will not | 
reſt till it comes to c, and then the Spherules will touch each of them in 


three Points, Hence it 1s, that when two Drops of Water or any other 


Liquor coming to touch one another, make up the“ Spheroid ac 4b ef, 


- - | they 
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they will not preſerve that Figure, but run into the Sphere cg deb f, 
that there may be the greateſt Contact poſſible between the Globules of 


which the Sphere or new Drop 1s made up. | | 
Now becauſe it may be thought unmathematical to draw Conſequences 


from the Figure of the Parts of Fluids, without having firit demonſtrated 


that they are ſpherical ; I ſhall here ſubjoin another Proof of the Roundneſs 
of the Drops of Liquors, without having any regard to the Figure of the 


Particles of which they are compounded. | | 
Let* ABDE be a Portion of an homogeneous Fluid whoſe Parts at- 


tract one another, and whoſe Figure is not ſpherical. If in ſuch a Fluid 


we ſuppoſe a Syphon as A CE (or which is the ſame thing, if all the 
Fluid ſhould be frozen, except the Canal AC E) whoſe Legs A Cand CE 


are unequal, and meet at C the Center of the Fluid, towards which there 
is the greateſt Attraction; the Fluid will run out at A in the Leg A C, 


till it be come down as far as g in the Leg C E, ſuppoſing C g equal to 


AC. But if the Leg A C be lengthen'd as far as c, then the Fluid will 
only come down as far as e in the Leg C E, and at the ſame time riſe up 
to 2 in the Leg Ca, Ca being equal to Ce. | | 

If ſuch another Canal or Syphon be ſuppoſed at BCD, the Fluid in it 
will come down from D to 4, and riſe from B to b. And ſince ſuch Sy- 
phons may be ſuppoſed all over the Fluid ABDE, that Fluid by the 
Attraction of its parts muſt needs be reduc'd to the ſpherical Figure a þ de. 


Which was to be demonſtrated. 


16. [20 Having moiſtened, &c. two Glaſs-Planes, &c.] This Expe- 
riment of the Drop of the Oil of Oranges, having been made by the late 
Mr. Haukſbee, in the manner that Sir I/aac Newton relates it in the 
third Part of his Optics (Query the laſt, towards the middle) that incom- 
parable Philoſopher has calculated the Force of the Attraction, and ſays ; 
<< That where the Oil of Oranges, between the two Glaſs-Planes, is of the 
e thickneſs of three Eighths of the ten hundred thouſandth Part of an 
* Inch, the Attraction (collected by the Rule given in the Table of the 
“ ſecond Part of the ſecond Book) ſeems to be fo ſtrong, as within a Cir- 
cle of an Inch in Diameter, to ſuffice to hold up a Weight equal to that 
of a Cylinder of Water of an Inch in Diameter, and two or three Fur- 


« longs in length. 


17. [20—— The Attraktion muſt increaſe continually as the Planes come 


nearer.) There are fix Properties to be obſerv'd in the Attraction of theſe 
Glaſs-Planes. | 58 

Let Þ the Point O (the Center of the Drop) be at equal diſtances from 
the Glaſs-Planes-Q m, Qn; and let the Radius O þ expreſs the greateſt di- 
ſtance at which the Places of Glaſs Qn, Q can have any effect upon the 


Firſt, 


point O. It is plain, 
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Firſt, That at its greateſt Diſtance from the Point Q,. there will be no 
greater a Part of the Plate of Glaſs, than a Circle whoſe Diameter is c d 
within the Sphere of Attraction, or whole Parts are able to attract the 
Point O, all the other Particles being at too great a diſtance. Secondly, The 
Force of the Attraction of the Points of the Circle of Glaſs which are 
nearelt to the Point O, is alſo the greateſt. Thirdly, The Sum of the at- 
tracting Particles plac'd towards Q, and which are contain'd in the Seg- 


ment of the Circle of Glaſs, whoſe Arc has /e for its verſed Sine, is grea- 


ter than that of the attracting Particles contain'd in the oppoſite Segment, 
in the ſame Proportion as the firſt Segment exceeds the other, becauſe of 
the Angle made by the Planes at Q. Fourthly, The Direction of the At- 
traction of the Points, that are at the fame diſtance from O, making all along 


the Line QR an Angle at O, more acute towards Q than towards R, the 


Point O will advance towards Q with an accelerated Velocity. Fifthly, As 
the ſaid Point O advances towards Q, the Diameter of the Circle of Glaſs 
whoſe Particles can attract the Point O will be increaſed, (as g d is greater 


than cd) and conſequently the Circle alſo; which will cauſe the Drop of 


Oil to ſpread more and more upon the Planes of Glaſs, between which it was 


plac'd. S7xhbly, The Drop or Point O will advance towards Q, with a 


Velocity always accelerated with greater Forces; becauſe the Angleg Oh be- 
comes always more acute in reſpect to the Angle 40 q in proportion as 
the Chord g d becomes greater than the Chord c d, which makes the Baſe 


? h always leſs in reſpect of the Baſe d , whilſt the Sides of the two Trian- 


Plate 3. 
Hg 21. 


gles always remain equal; and conſequently the Angle g O B, is always leſs 
in proportion to the Angle 4 O q ; which continually increaſes the Force of 
Attraction towards Q by the following Demonſtration. „55 
Let the * Angle 4 hc be divided into equal Parts by the right Line 5 u, 
and about the Centers 2, «, taken at pleaſure upon that Line, draw the equal 
Circles g h K i, acml, I ſay, that if through the Points of Interſection, 
the Chords a c, I m, gh, i k, be drawn; 1 m will be greater in proportion 


to ac than ik in proportion to g y. From the Point & draw the Tangents 


bſ#p, 6rq; and from the Point « for a Center draw between the ſaid Tan- 
gents the Circle eo n d, and join ed, no. 3 

The Segments d e, g B, are ſimilar, as well as # o, 1 K, as alſo are the Arcs 
o p e, k h, which makes i K: n:: gh: de, and ik: g b:: 10 d e. Now 
m is greater than # o, and on the contrary ac is leſs than dee; therefore 
I m compar'd to a c is greater than i & compar'd to g: Which proves the 
ſixth Property of the two Glaſs Planes that touch at one end, and are ope- 
ned to a {mall Angle at the other. 


18. [23-—The Reaſon of theſe Phenomena, &c.] Dr. James Furin, Se- 
cretary of the Royal Society, has made a great many curious Experiments of 
this kind, of which he gives an Account in Phil. Tranſ. Numb. 355: 
where he ſhews in what manner the Attraction of Coheſion operates to raiſe 
and ſuſtain Water in ſmall Tubes, and ſuch Spaces between ſolid Bodies as 


are analogous to ſmall Tubes, | | | 
1 | | 19. 
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&c.] Some have been apt to imagine that Quickſilver and Glaſs repel one Lect. I. 


with Glaſs and Quickſilver. 


Mercury ſtands in the wider Leg CB, is greater than the Height C D, at 
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Quichſilver attracts Quickſitver more than Glaſs attracts it, Annotat. 


19. [23 


another, becauſe it does not in theſe and ſeveral other Experiments appear Wwwynd 
to ſtick io Glaſs ; but that it is really attracted by Glaſs (though ſo much 
Jeſs than by it ſelf, as to make it ſeem to be repellꝰd) will be ſhewn by giving 
an Account here of ſome more Experiments relating to the Attraction of 
Coheſion, which the above-mentioned ingenious and learned Gentleman made 


EXPERIMENT T. 
Quickſilver is attracted by Glaſs, 


If a ſmall Globule of Quickſilver be laid upon a clean Paper, and be 
touched with a Piece of clean Glaſs ; upon drawing the Glaſs gently away, 
the Quickſilver will adhere to it, and be drawn away with it. And if the 
Glaſs be lifted up from the Paper, the Quickſilver will be taken up by it, in 
the ſame manner as a Piece of Iron is drawn by the Loadſtone, and will ſtick 
to the Glaſs by a plane Surface of a conſiderable Breadth, in proportion to 
the Bulk of the Drop, as manifeſtly appears by an ordinary Microſcope. 
Then if the Glaſs be held a little obliquely, the Drop of Mercury will roll 
ſlowly upon its Axis along the under Side of the Glaſs till it comes to the 
End, when it will be ſuſpended as before. | | 


EXPERIMENT 2. 


If a pretty large Drop of Mercury be laid upon a Paper, and two Pieces 
of Glaſs held edge-wiſe be made to touch it, one on each ſide ; upon draw- +» 
ing the Glaſſes gently from each other, the Drop of Mercury will adhere 
to them both, and will viſibly be drawn from a globular to an oval Shape ; 
the longer Axis paſſing through the middle of thoſe Surfaces, in which the 
Drop touches the Glaſſes. | es 

The Particles of Quickſilver are more attPatted by one another than by Glaſs. 
For the Proof of this fee Lect. I. Ne. 24, 25, 26. and thoſe other Experi- 


ments of Dr, Farin. ; 


EXPERIMENT 3. Plate 3. Fig. 22, 


Quickſilver being pour'd into the inverted Syphon A CB, one of whoſe 
Legs A C is narrower than the other CB; the Height C E, at which the 


which it ſtands in the narrower Leg CA. On the contrary, Water ſtands 
higher in the narrower Leg than in the wider, 
| Ex- 
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ExPERIMENT 4. P. 3. Fig. 42. 


AB CD repreſents a rectangular Plane of a Glaſs which makes one ſide 
of a wooden Box. On the inſide of this is another Glaſs-Plane of the ſame 
ſize, which, at the end A C, is preſs'd cloſe to the former, and opens to a 
ſmall Angle at the oppoſite end B D. When Mercury is pour'd into this 
Box to any Height as C E, it inſinuates itſelf between the two Glais-Planes; 
and riſing to different Heights between the Glaſſes, where the opening is 
greater or leſs, it forms the common Hyperbola CG F; one of whoſe A- 


ſymptotes E F is the Line on which the Surface of the Mercury in the 


Box touches the inner Glaſs ; the other 1s the Line A C, in which the 
Planes are join'd. | | | 


ExXPERIME NT 5. Pl, 3. Fig, 24. 


AB is a perpendicular Section thro two Glaſs-Planes join'd at A, and 
open'd to a ſmall Angle at B; C repreſents a pretty large Drop of Mercury, 


the larger the better, which (being made to deſcend as far as C, by holding 


the Planes in an ere& Poſture, with the end A downwards) retires from 
the Contact of the Planes to D, upon inclining the Planes towards an hori- 
zontal Situation; and the Diſtance C D becomes greater or leſs, as the 
Planes are more or leſs inclin'd towards the Horizon. | 


20. [30—As the Cube and a quarter of the increas'd Diſtance—the Magne- 
tical Attrattion, &c.) That excellent Philoſopher Dr. Brook Taylor made 
ſome Experiments with a touch'd Needle and a large Load- ſtone that is kept 
in the Repoſitory of the Royal Society, which, when made at ſome Diſtance 
from the Stone, agreed very well with this Aſſertion; but near the Stone, 
the magnetick Virtue did not ſeem to act according to thoſe Laws, which 
might be owing to this, viz. That that Stone rather ſeems to be an Aggre- 
gate of Load ſtones join'd together by a petreous Subſtance not magnerical. 
For, ſince that Time, by ſome Experiments made upon it, I found that it 
had 15 Poles (if I may uſe that Expreſſion) or Points where the Attraction 
was ſtronger than any where elſe ; which Experiments, and ſome others 
made upon weak Load-ſtones, made me imagine that every Load-ſtone 
had ſeveral Poles or Points of Virtue on the Vorth ſide, and ſeveral on the 
South ſide ; whoſe Virtues being collected by the Iron wherewith the 
Stone is arm'd, made an arm'd Loadſtone ſuſtain much more Iron or Steel 
than the ſame unarm'd. But by Experiments made fince, with ſome good Load- 


ſtones, eſpecially with a Stone of about ſix Ounces, belonging to the Right 


Honourable the Lord Paizley (one of the beſt in the Word) I found that 
a good and homogeneous Load-ſtone has but two Poles. | 
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tion in their Receſs from, one another 
XX magnetick Virtue did increaſe in the Approach to, and diminiſh in the Re- 
ceſs from, the Stone; but not exactly at the Diſtance, nor as the Square 
or Cube of the Diſtance, nor as the Square or Cube of the Diſtance reci- 
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] : Dr. | Petrus van Muſchenbroek, the ingenious Profeſſor of {tronomy, &c. Annotat. 
at Urrecht, has with indefatigable Pains and Application, made Experi- Lect. I. 
ments of the Attractions and Repulſions of Load-Stones, in reſpect t 


5 Iron, and to each other; but could never find any regular Proportion in 
the Increaſe of Attraction in their Approach to, or Decreaſe of Attrac- 
only, that the Force of the 


procally nor in any Proportion reducible to Numbers; and therefore he 


very reaſonably conjectures, that the Repulſions and Attractions diſturb one 
another, ſo as to confound the Proportion; nor are we to hope for any 
"XX Rule concerning this Matter, till a way be found (if ever it can be) of 
ſeparating the attracting from the repelling Parts. I refer the curious 
Reader to his Diſſertation concerning the Magnet, which is very worthy 
every inquiſitive Philoſopher's Peruſal. It is printed at Leyden in Quar- 
eo, with ſeveral other valuable Diſſertations of the ſame Author, | 


21. [31. A repellent Power in Bodies, &c.] See Graveſandeꝰs Introduction, 


Part I. from N. 40, to 44. When Light is reflected from a poliſh'd ſpe- 
"XX cular Surface of Glaſs, Cryſtal, or Metal; the Particles of Light do not 
ſtrike upon the ſolid Parts, and ſo rebound from them; but are repelled 
from the Surface at a ſmall Diſtance before they touch it, by a Power ex- 
RE tended all over the ſaid poliſh'd Surface. See Sir Iſaac Newton's Optics. 
Book II. Part III. Prop. 8. | 


| The Rays of Light are alſo repell'd by the Edges of Bodies as they paſs 
& near them, ſo as to make their Shadows, in ſome Caſes, larger than they 
| wou'd otherwiſe be. See the ſame Author, Book III. Part. I. where he 


XT likewiſe proves this repulſive Force from other Phenomena. 


22. [37, — The ſame Part of the Tube will not ſnap or give Light twice 


> together, in the ſame Place, without a new Friftion.] By cauſing the Tube 


to ſnap at the Approach of the Fingers, or any other ſolid Body near it, the 
Electricity of it in that Place is alſo deftroy*d ; from which we may eaſily 


2X ſolve a Phenomenon mention'd by Dr. £Graveſande in his Introduction. Vol. 
II. NS. 554. Theſe are his Words: | 


There is one thing remarkable and very hard to explain in this Expe- 
e riment, concerning the Direction of Attrition; when you rub the Tube, 
bone End is held in one Hand, whilſt it is rubb'd with the other; which 
** 1f it be done from the Hand that holds towards the other End of the 
** Tube, the Effect will not be ſenſible; but if you rub from the free End 
"XX © of the Tube towards the End held in the Hand, the contrary will hap- 
pen. And this happens indifferently whether you hold the open or 
= © ſhut End of the Tube in your Hand. | | | 

= To explain this, let us examine the Experiment by help of the roth 


ture of Plate 2. A is the Right Hand that holds the Tube, and B the 


Let Hand that rubs the Tube, which, after moving up and. down ſeveral 
Ves. G times, 
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Annotat. times, makes an end of the Attrition by moving in the Direction C B A, 
Le&. I. the laſt Stroke : Then the Tube brought near light Bodies (Plate 2. Fig. 11.) 
wy ——» gives Motion to them. If the laſt Stroke in rubbing be made by the Mo- 
tion of the Hand, from A to C, and the Hand B that went up to C quits 

the Tube in the Direction C D, without coming near it again, or letting 

the Coat-ſleeve come near it, the Tube will act upon light Bodies with the 

: ſame Vigour as before. But if the Left Hand, after it is come off at C, is 

brought down again careleſsly, in the Direction C E, in a Line parallel to 

the Tube, and pretty near it, either the Hand or. the Coat-ſleeve coming 

down too near, cauſes the Tube to ſnap (which is not heard without Atten- 


tion) and fo deſtroys the Virtue excited by Attrition, in the whole Length 


of the Tube; as the Hand A (Plate 2. Fig. 13.) does in the Place A where 
it cauſes a Snapping, which, as J ſaid before, will not happen twice in the 
ſame Plate, without a new Friction. 


23. [41. — A Glaſs Globe whirl'd, &c.] I cannot forbear mentioning. 


here a very ſurprizing Phenomenon in one of Mr. Hawksbee*'s Experiments. 
He coated with Sealing-wax the Inſide of one Hemiſphere of one of his Glaſs 
Globes to ſuch a Thickneſs, as to render it perfectly opaque: Yet when this 
Glaſs was exhauſted of its Air, and whirl'd round; where the Hand was 
apply*d on the Outſide to give an Attrition to the Globe, the Wax became 
as tranſparent as the Glaſs it ſelf; the reſt of the Globe that had Wax re- 
maining opaque, where it did not touch the Hand, though the Moment 
before it had been tranſparent as it paſs?d under the Hand. 

A View of the 25th Fig. of Pl. 3. will repreſent the Thing fully. 

The Hemiſphere ACB of the Glaſs Globe GACB. is made opaque, by 
being lin'd with Wax on the Inſide, whilſt AGB is clear Glaſs. The 
Glaſs is exhauſted of its Air by means of the Cock D; then being ſet be- 
tween the Pillars EF, it is whirl'd ſwiftly round by means of the Wheel K, 
whoſe String goes round a Pulley P fix*d to the Braſs Socket, whoſe Shank 
is the Axis of the Globe. The Screw H draws forward the other Pulley I, 
to keep the Wheel-ſtring always tight. | 2 

When the Hand is apply'd at C, its Inſide becomes viſible, through the 
Wax on the concave Side of the lin'd Globe, the reſt of the Wax remain- 


ing opaque ; ſo that the Hand cannot be ſeen by an Eye at Q, but by an 


Eye at O looking at it through the unlin*d Part of the Glaſs at G. 


Mr. Stephen Gray, who has made greater Vaviety of electrical Experi- 
ments, than all the Philoſophers of this and the laſt Age; has, ſince I 
began this Book, found out ſeveral new Phenomena in Electricity, the Parti- 
culars of which may be ſeen in the Philoſophical Tranſactions, No. 417. 

But for the ſake of ſuch, as may not have an Opportunity of ſeeing 
the Tranſactions, I will give a general Account of his Diſcoveries. 

1. That all ſuch Subſtances as cannot be made electrical by rubbing, 

may yet receive an electrical Virtue (as is viſible by their attracting and 
repelling Leaf-Gold) from a rubb'd Glaſs Cane (whether ſolid or hollow) 


nor 
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not only in contact with the Tube, but by the intermediation of a String Annotat. 
to very great Diſtances, as for Example, of above 800 Feet. Nay, if the Lect. I. 
Tube does not touch, but is only rubb'd near the String, the eleftrica] www 


Virtue will run along. And what is very remarkable, as -the Virtue 
runs along an hempen String, that String muſt be ſupported by Hair, 
or filk Lines; croſs Strings of Hemp or Flax, or even Wire, ſtopping 
the Propagation of the Virtue to a Diſtance, by receiving it laterally. 

2, Very large Surfaces, as Maps, Table-Cloaths, &c. are impregnated 
with electrical Efiuvis. | | 

3. A Load-Stone, and Iron hanging at it, will receive the electrical 
Virtue, which therefore is not diſturb'd by magnetick Effluvia. | 

4 The Electricity will be carried ſeveral ways at the fame Time, with 
out touching the String of Communication with the Tube; as to two 
Balls of Ivory at the Ends of a very long String, by rubbing the Tube near 
the middle of the String. | 0 | 

5. The electrical Attraction receiv*d, is not proportionable to the Quan- 
city of Matter in Bodies, a ſdlid and an hollow Cube of Wood attract- 
ing the one as much as the other. lt UL H 261 012016, of 

6. The EMuvia are alſo. carried round in a Circle, and communicated 
from one Circle to another, alta. 19 

7. This Virtue will be communicated to Leaves of Trees; nay, even to 
Fluids, as to Bubbles of ſoap'd Water. 

8. Animals alſo will receive this Virtue. A Man ſuſpended. horizontal- 
ly by two Hair-Lines, attracts and repels Leaf Gold with his Face and 
Hands, if the Tube be rubb'd near his Feet; nay, at the End of a long 
Fiſhing Rod held in his Hands, a Ball will attract and repel. It is 
remarkable, that the Virtue is ſtrongeſt at that Part of the impregnated 
Body, which is fartheſt from the Tube; for if the rubb*d Tube be held 
over the Head, not the Head, bit the Face will rien Axtract, Ard fo vie 
verſa, If the Man but juſt touch the Floor with a ſmall Cane or Wire, 
the Virtue runs te the Floor, and the Man is no longer electrical. So 
hanging by an hempen Rope, carries away the Virtue to the Cieling. 

9. It two Boys be by Hair-Lines ſuſpended as above, and at a conſide- 
rable Diſtance from one another, the Virtue may be communicated from 
the one to the-other by a String, which both hold, or tied to their Clothes ; 
the Electricity being always ſtrongeſt in him, who is at the greateſt Diſ- 
tance from the Tube. 3 | | 

10. Mr. Stephen Gray has found ſince, that if a Man ſtands upon a Cake 
of Roſin, or of Glaſs, or of ſome other Subſtances, which are of them- 
ſelves electrical, or become ſo by rubbing; the Effect will be the ſame as if 


he hung from a Hair-Line. So that if a whole Regiment of Soldiers were in 


a Line, and each Man ſtanding upon a Cake of Roſin held the next by the 
Hand, or only communicated with him by a String, I do not doubt, but 
they might all be ſo impregnated with electrical Virtue, that when the Tube 
ſhould be rubb'd near the firſt Man, the laſt would with his Hand, Face, 
or Clothes, attract and repel LOS 1 
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11. It has been alſo found, that Electricity will be communicated thro 
denſe and large Bodies. e 


24. [42. — Though the Cauſes of theſe Cauſes are not known, Kc. When 
Genealogiſts, in ſearching into the Original of Families, are got as far as 
they can, and have found the firſt of the Family ſo call'd, becauſe they can- 


not diſcover who were his Parents; it wou'd be very abſurd to ſay, that 


becauſe the Father of this Firſt (which for example we will call Jobn) 
is not known, therefore John is not the Father of Peter, the Grand-father 

f William, and Great Grand-father of Nicholas, &c.—— Which was prov'd 
— by ſuch Evidence as is proper in that Cafe. So when it appears by 
Obſervation that Gravity is the Cauſe of the Fall of heavy Bodies, which 
obſerve certain Laws in their Motion That a heavy Body by its De- 
ſcent moves the Axis of a Wheel, that carries round another by its Teeth, 
which by the Intermediation of other Wheels and Pinions, carries round 
a Hand upon a Dial-Plate to meaſure Time, or for other Uſes; it wou'd 
be very unphiloſophical to ſay That our Reaſoning about the Cauſe of 
the Motion of the Hand is falſe, as being founded upon occult Qualities; 
— we can go no higher than Gravity, whoſe Cauſe we don't pretend 
to know. | 
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LECTURE I. 


1 THE Momentum or Quantity of Motion in Bodies (ſome- 
times call'd ſimply Motion) is that Force with which Bo- 
dies change their Place. 

I Down'T mean the Stroke, Preſſure, Traction, or any other Ac- 

tion which cauſes this Change of Place in a Body; but the Force 

which it has all the while it is moving from one Place to another. 


2. This moving Force may always be known by the Effect which 
it isable to produce; that is, by the Stroke which the moving Body can 
give, or by the Reſiſtance or Obſtacle which it is able to overcome. 


3. Trrs Quantity of Motion, which is the Meaſure of the Force, 
is made up of the Quantity of Matter and the Velocity taken toge- 
ther. That is, when we compare the Momenta, moving Forces, 
or Quantities of Motion in Bodies, we multiply the Maſs or Quan- 
tity of Matter in each Body by its Velocity *. | | 

4. Velocity or Celerity, is the Swiftneſs with which a moving 
Body changes its Place; and may always be known by the ſpace 
that the Body goes through in a given Time. 


5. Tur Quantity of Motion may be increas'd; either by, increaſ- : 


ing the Quantity of Matter, which is mov'd with a determinate 
Velocity; or keeping the ſame Quantity of Matter, and increaſing 
the Velocity; or by increaſing both.—And in the three Caſes it is 
done by applying more Force; for here * Force and Motion mean 
the ſame thing, $2 | 3 

6. Tye Motion of any Whole is the Sum of the Motion of all 
the Parts; and therefore (as we ſaid before) it becomes doubled in 
a double Body moved with equal Velocity, and quadrupled in a 
double Body moved with a double Velocity. 


7. Ir a Man with a determinate Force throws from him a Weight 
of 50 Pounds to the diſtance of ten feet; he muſt apply twice the 
Force to throw a Weight of 100 Pounds to the ſame Diſtance, or 


to throw the 5o Pound Weight twice as far: but if he uſes no more 


Force than he did before, he will throw the 100 Pound Weight only 
TT | 0 


*. Annot. 


* Arnot. 
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Lect. II. to the diſtance of 5 feet, and then the two Bodies will have the ſame 


◻⏑ quantity of Motion; becauſe 50 multiplied by 10, or 100 multiplied 
by 5, give the ſame Product, vis. 500. | 
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ExPERIMENT I. Plate 4. Fig. 1. 


8. ABCDE is an Inſtrument contriv'd for illuſtrating what has 
been ſaid, and diſtinguiſhing Motion and Velocity, which ſome 
Authors have confounded. The rabbeted Cheeks BD, CE, are fo | 
contrived that the ſmooth cylindrick Weight K or L (the one of 8, 9 
the other of 4 Ounces) may move between them with very little g 
+ Plate 4. Friction. Let the + Spring A B be bent to a certain degree, by ſlip- 
* ping the Knot G of the String faſten'd to B upon the Catch of the 
Iron F; then lay on the Weight L at B, which upon letting go the 
Spring, by lifting up the Knot, will be ſhot from B to the Point I, 
which 1s 24 Inches from B. If the Cylinder K be ſhot in the ſame 1 
manner, it will go but to H 12 Inches from. 2 
TrarT the Quantity of Motion is the fame in both Bodies, is 
evident, becauſe the Spring is equally bent in both Caſes ; and that 
thoſe Quantities of Motion are made up of the Maſſes multiplied 
into the Velocities, is alſo evident, becauſe L == 4 Ounces x by BI 
(24) its Velocity gives 96, equal to K (8 Ounces) x BH (12) its 
Velocity. | | | 
Bu ” if you would have K driven as far as the Point I, to which 
L was driven; the Spring muſt be bent with a double Force, and 
then K will have double the Motion that it had. N. B. This Expe- 
riment is made uſe of rather to illuſtrate this matter than to prove it, 
CaRE muſt be taken not to draw Conſequences from this Expe- 
| riment; becauſe the ſucceſs of it will be different according to Cir- 
„Plate 4, Cumftances, If the Cylindrick Weights * be plac'd quite cloſe to 
Fig. the Spring when itis bent, the weight K (of 8 Ounces) will be ſhot 
farther than half the Diſtance that L (of 4 Ounces) is ſhot to; 
and that will happen for the Reaſons given in the 4th Anno- 
tation of Lect. 5. But if both the Weights be ſet at ſome diſtance. 
from the bent Spring, ſo that the Spring may give a ſudden Blow, 
= and not act long upon the Cylinders; then the Experiment will ſuc- 
= | ceed. N. B. That Diſtance muſt be found by trials. „„ 
8 9. HEN CE it follows, that any little Body may have as much 
Motion as a great one, be their Diſproportion what it will; provided 
that the Velocities that are given them be reciprocally proportionable 
to their Maſſes : that is, if the little Body has as much more Velo- 
city than the great one, as it has leſs Matter. 
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Tr1s is the Reaſon why, ſince the Invention of Gun-powder, Lect. II. 


battering Rams have been diſuſed in War; for thoſe and other hea- 
vy Machines managed by a great many Hands, and mov d againſt 
a Wall with little Velocity, did no more than now is perform'd by 
a ſmall Cannon-Ball, three or four Men only being employed to 
manage the Cannon. If the Ball B * weighing 36 Pounds be ſhot 
out of the Cannon C, againſt the Wall A H G E, ſo as to ſtrike it at 
L, it will produce the ſame effect as the battering Ram R, which 
weighs 41112 Pounds ; provided that the Cannon-Ball moves as 
many times ſwifter, as it has leſs Matter than the Ram. See the 
Calculation of it in the Notes F. | : 

Ir a ſmall Piſtol Bullet ſhould move with the ſame Velocity as 
Light, it would ſtrike as ſtrongly againft an immoveable Obſtacle 
as a Cannon-Ball 700000 times as big ; becauſe Light moves 700000 
times faſter than a Cannon-Ball. Light is about 8 Minutes. coming 
from the Sun, and a Cannon-Ball would ſpend ten Years in going 


thro' the ſame ſpace. 


—ñ— 


* Plate 4. 
Fig. 2. 


+ Ann. z. 


10. As the Quantity of Matter in a moving Body, multiplied by 
its Velocity, gives us the Quantity of Motion ; ſo the Quantity 


of Motion divided by . the Velocity, will give us' the Quantity of 
Matter: but if it be divided by the Quantity of Matter, it will give 
us the Velocity. If ſeveral Bodies of different Weights move with 
equal Velocity, their Motions will be to one another as their Quan- 


tity of Matter. 


11, HENCE may be deduced an unanſwerable Argument for a Va- 


cuum. For if all Bodies, abſtracting from the Reſiſtance of the 
Air, move downwards with the ſame Velocity, as has been prov- 


ed &, their Motions compar'd will be reſpectively as their Quanti- | 


ties of. Matter; but the Motion downwards, or Force which drives 
them to the Earth, is their Grawty : therefore we find the Quanti- 
ty of Matter in any Body by its Gravity, which. muſt always be 
proportionable to it. Now it two Bodies of equal Bulk weigh dit- 
ferently, as we find by Experience they do, there muſt be Vacuities 
interſpers'd in the lighter: As for Example, if there be two Inch 


Cubes A and B +, and the Cube A be of Silver, whilft the Cube 


B is of Cork ; it will be found that A weighs 40 times more than 
B, therefore B has 40 times leſs Matter, and ought to be 40 times 
leſs in Bulk, if it had no Vacuities. For if it be anſwer'd, that the Voids 
or Pores of the Cork are filled with Air and ſubtile Matter; that 
Air and ſubtile Matter * together with the Cork ought to weigh as 
as much as the Silver; or elſe the two Cubes cannot be equally full. 


* Ann. 4. 
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Lect. II. 


Plate 4. 
Fig. 3. 


N. 10. 
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12. Tux whole Effect of mechanical Engines (whereby Mo- 
tion is given or ſtopp'd, or a Reſiſtance is overcome) depends up- 
on what we faid above, No. 

IF a great Weight is to be ſuſtain'd by a little one, we muſt con- 
trive to get the little one fo much more Velocity than the great 
one as it has leſs Matter, and then its Force being equal to that 
of the great one, it will fuſtain it, if they move in contrary Di- 
rections; becauſe then equal Forces will deſtroy each other. This 

is done by the Contrivance of the Engines, and Manner of apply- 
ing them. For if the Velocity of the great Weight be determin d 
as well as its Quantity of Mattter, and the Quantity of Matter in 


the little one: then the Velocity of the little one (which in this 


Caſe is called the Power) muſt be increas d in the Proportion 
above mention d. But if the Velocity of the Power be determin'd, 
then that of the Weight muſt be diminiſh'd in the ſaid Proportion: 


the Engines for thoſe Purpoſes being always fo contriv'd, that the 


Weight or Power may be applied in ſuch manner, as to render their 
Velocities reciprocally proportionable to their Maſſes, 


EXPERIMENT II. Pl. 4. Fig. 3. 


13. LzT AB be a Leaver or Balance divided into 20 equal Parts, | 
whoſe Center of Motion is at C; if the Weight W of 200 
Pounds hangs by an immoveable Hook at A, and we would ſuſ- 
tain or keep it in AEquilibrio by means of the Power or ſmall 
Weight P of 50 Pounds; it is plain that it has not Force enough 


at E to ſuſtain the Weight W, becauſe in the Motion of the Leaver 


the Point E and A will deſcribe not only ſimilar but equal Arcs 
E e and A a; ſo that when W moves 1 Inch, P will only move 1 
Inch; and ſince the Velocities being 7 ual, the Quantities of Mo- 


tion or Forces are as the Maſſes *, the Weight W will always 


over- power, as having 4 times the Mat: of P. But if P be re- 
mov'd to B, then it will deſcribe an Arc ſimilar to, but 4 times 
greater than that which W. deſcribes; that is, it will deſcend 4 


times faſter than W riſes. If then its Velocity be 4, and that of W 
only 1, por 50 multiplied by its Velocity 4 will give 200; which 


is equal to the Product of W, or 200 multiplied by its Velocity 1. 


14. BuT if the 3 P had been immoveable at E, and the 
Weight W moveable; an Ægquilibrium would have been had by 
diminiſhing the Velocity of the Weight, in bringing it forward to 

1 3 . | g D 


3 8 


. 


had 4 times leſs Velocity. 
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enter than P, it would have L 
| | 255 a i. 


D, where being 4 times nearer to the C 


15. Ir both the Weights had been moveable, and P had been but 
12 Pounds and an half, then the Velocity of P muſt have encreas'd 
by removing it to B the 16th Diviſion, at the ſame time as that of 
W was diminiſh'd by bringing it to D the firſt Diviſion on the o- 
ther Side of the Center; for then W (200) multiplied into D C 
(1) which is proportionable to its Velocity, would have given 
200, which is equal to the Product of þ (12 +) multiplied into BC 
(16) its Diſtance from the Center, which expreſſes its Velocity. 


If therefore the Power has a little more Velocity given it, than in 


a reciprocal Proportion of the Maſſes, it will have more Force 
than the Weight, and conſequently raiſe it, whereas it only ſuſ- 


tain'd it before. 


16. Tuus by means ofa Leaver, a Man, whoſe natural Strength 
does not exceed 200 Pounds, ſhall acquire ſo much relative Force 
as to raiſe a Stone of 2000 Pounds by applying his Leaver ſo as to 
render the Velocity of the Stone ten times leſs: than that of his 
Body at the oppoſite end of the Leaver, which in that Caſe will 
be ten times farther from the Fulcrum or propping Point, than the 
Place where the Stone is applied. For if a Man by his natural 
Strength can raiſe 200 Pounds with a determinate Velocity, there 
is no Engine in the World that ſhall enable him to raiſe 2000 
Pounds with the ſame Velocity; but he muſt do it with the 1oth 
Part of that Velocity. If he muſt employ 10 Seconds of Time to 
raiſe 200 Pounds 10 Foot; and would raiſe a Stone of 2000 Pound 
Weight by a Leaver whoſe Brachia (or Lengths on each ſide the 
Center of Motion) are as 10 and 1; he muſt move 10 Foot at the 
End of the long Brachium of the Leaver whilſt the Stone moves 
1 Foot, which comes to the ſame as if the Stone being cut into 10 
Pieces, each of them was ſucceſſively lifted up one Foot by the 
ſame Man, who would do it juſt with the ſame Labour as when 


he rais'd it all at once with the Leaver *. 


We cannot alter Nature; where we would gain Strength, we 


muſt Ioſe Time ; and where we would gain Time, we muſt employ 


more Strength . 


17. Ir the Velocity of the Weight as well as its Quantity of 
Matter, be determin'd, and likewiſe the Velocity of the Power; 


YOls & 


H then 
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Lect. IT. then if the Power is not ſufficient to raiſe the Weight, there muſt be 
more Matter added to it till the Product of its whole Maſs mul- 
| tiplied into its Velocity be equal to the Product of the Maſs of 
ri + the Weight into its Velocity. If, for example, the Weight * W till 
mo ſuppoſed equal to 200 Pounds be fix'd at A, and the Power p equal 
only to 124 Pounds be fix d at B; it will not be poſſible for the ſaid 
Power to ſuſtain the Weight, till its Quantity of Matter be qua- - 
druple to make it 5o Pounds, and then 50 * 16 will be equal 
to 200 x 4; becauſe here the Diſtances are as the Velocities. 
* SoMETIMES it is requir'd to give a heavy Body or Weight a 
conſiderable Degree of Velocity, as when the Ancients uſed to throw 
great Stones with thoſe kind of Baliſtæ which they call'd Scorpi- 
ons *; and then the Power mutt be conſiderably greater than the 
Weight; for as it is applied nearer the Center of Motion than the 
Weight to be thrown, it muſt be heavier in a reciprocal Proporti- 
on of thoſe Diſtances when the Weight is only ſuſtain'd, and much 
heavier to give the Projectile Body a ſufficient Velocity x. But 
theſe Things will be better underſtood as we come to conſider the 
mechanical Powers, and the Uſes of ſimple and compound Engines; 
in order to which we muſt explain ſome Terms, and take notice of 


ſome Truths neceſſary to be known by every Engineer. 


o 
F. * * — » * 
GI ie 


8 9 * & 
8 e N 
JJ en Sa Ie ep 


85 3 
N 
WR Weg 8 
5 2 
S e et 
n oo AN LS 0 


DEFINITIONS. 


18. A Weight is any Body to be ſuſtain'd, raiſed or depreſs'd, 
puſh'd or drawn, or mov'd in any manner; fo that the Expreſſion 
to raiſe a Weight is very extenſive in the mechanical Senſe; as 
ſometimes it is applied to the driving a Pile into the Ground, ſome- 

times to the ſtopping of a Body in Motion, as the running of 
Water, &c. - OY 
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19. A Power is whatever is made uſe of to raiſe a Weight in the 
| Senſe above-mention'd, whether the Power it ſelf be a heavy Body, 
a Spring, the Motion of Water, Air, Smoke, Flame, or Preſſure 
of Stream excited. by Fire from Liquids; or the Force of any A- 
nimal, acting by its Strength or Weight, or both. 


20. Tne Intenſity of a Power is its abſolute Force, that is, its 
Force, ſuppoſing its Velocity equal to that of the Weight; for its 
Moving or Acting Force may be greater or leſs, according as its 
Velocity is encreas'd or diminiſh'd, in reſpect of that of the Weight. 
As for Example, „ Ir 


Points of the ſpringing Calibers A. 
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Ir a Man be the Power, and can raiſe from the Ground a cer- Lect. II. 
tain Weight, that Weight will expreſs or be equal to the Inten- 


the Power; tor in this Caſe, whatever Engine be made 


ty of 
45 of, that Part of the Engine, where the Weight is duly applied, 


will move juſt as faſt as that which a Man acts upon with his 
whole Force. So if a Man can preſs upon the Point E, at the 


4th Diviſion of the Balance AB * with the Force of 200 Pounds, 


he will juſt ſuſtain the Weight W, or 200 Pounds, hanging pre- 
ciſely as far on the other Side of the Center or Motion. 


21. Tur Line of Direction is that Line in which a Weight or 


Power acts, or endeavours to act“. 


22. A Power may act in any Direction whatever; but a Weight 


has but one Direction, which is towards the Center of the Earth, 


in which Direction all heavy Bodies endeavour to deſcend, and 
actually do, when no. Obſtacle hinders: So that the Line of 
Direction of a Weight is a Line drawn from its Center of Gravity 


to the Center of the Earth. | 
23. Tus Center of Motion is that Point round which a Body or 


a Machine moves, or endeavours to move when it cannot or does 


not turn quite round; and in that Caſe, all the Points of the 
Body deſcribe Circles, or Arcs of Circles, about the Center of 
Motion. This Center may be taken any where according to the 


Make of the Engine. 

24. Tur Center of Gravity is a Point about which all the 
Parts of a Body are in Ægquilibrio. It is conſider'd as the Middle 
of the Weight of the Body, though often it is not the Middle of 


the Body it ſelf; and if the Body be ſuſpended by that Point, it 
will hang in any Poſition; otherwiſe the Center of Gravity will 


deſcend as low as it can. 8 
Ex PERINMEN T III. Plate 4. Fig. 4. 
25. BQ is a round Board ſuſpended by its Center C on the 


the two Marks made upon it K and Q, deſcribe the Circles K E, 
and round the Center of Motion C, which is here the Cen- 
ter of Magnitude: If the Center of Motion was taken in any 
| — $4 Point 


Ann. 8. 


In turning the Board round, 


5 £087 r P 5 8 
r GIS: 
5 


TFT 
= E 1 IS 4.5. 2 n 
* — « EW £ - = 4 


* 


5a A Conrſe of Experimental Philoſophy. 


Lec. II. Point which is not the Center of Magnitude, as at c *, ſtill K and 
Qs would deſcribe Circles about the Center of Motion, though the 
Ma wy + Center of Magnitude would not then be their common Center, 
11 but itſelf would deſcribe a Circle as Cd about c, the Center of 
Motion. If the Body ſuſpended does not go quite round, as here 
the Side R ſtops againſt the Top of the Calibers at 7; inſtead of 

Circles, the Points Q, K and C deſcribe only Arcs of the Circles 


Q g, K A, Ca. 


* Plate 4. 26. Ir C* be the Center of Gravity of the Body, and the Body 
Fig. 4. be ſuſpended by it, and made to turn round that Point, it may be 
ſtopt in any Poſition of the Points K and Q, and it will then re- 
„ ue 4. main at reſt; but if the Body be ſuſpended by c *, which is not 1 
Fig. 5. the Center of Gravity, then the Center of Gravity C will deſcend == 
as low as it can to C. ; - 
+ Hate 4. Bur if c* be the Center of Gravity, and placed directly over the 
Fig. 6. Center of Motion K, the Body will remain in that Poſition ; becauſe 
as the Center of Gravity endeavours to deſcend in the Line c K, 
which is the Line of Direction of the Body, (in which Line the 
Point K is ſupported) it preſſes directly upon the Point K, 
which is ſuſtain'd by the Calibers; but if the Body be moved ever 
fo little, ſo as to bring the Center of Gravity c towards d or e, the 
Body will turn and not reſt till the Center of Gravity comes to M 
directly under the Center of Motion, the Body falling into the Po- 
ſition ed f. L | 5 e 


EXPERIMENT IV. Plate 4. Fig. 8. 


5 27. HEN CE may be deduced a Method for finding the Center 
Ann. 9. of Gravity of any Body mechanically *. Let AB ＋ be a Body 
Fs whoſe Center of Gravity is to be found. If it be ſuſpended by any 

2 Part as A, ſo as to move freely upon the Pin at A, and a Plumb 
Line AP hangs. from the fame Pin, its Center of Gravity C muſt. 
be under, or rather behind that Line; becauſe it will fall below the 
Center of Motion A: Let that Line A B be marked upon the Body, 
as in Fig. g. and then ſuſpend the Body by any other Part, as F; 
provided that the Center of Motion be not in the above-mentioned 
Line AB. Hang on the Plummet at F, and the Line FD under 
the Plumb-Line F P will cut the Line AB, and ſhew the Center of 
Gravity to be at C; for ſince it muſt be both in the Line AB and 
in the Line FD, it can only be in the Point C where they interſect. 
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N. B. We have not here confider'd the Thickneſs of the Body; but Lect. II. 
if we ſuppoſe it a Piece of Board as the Figure repreſents; then QS WNJ 
we muſt only make the ſame Experiment on the other Side, and we 


ſhall find another Point C juſt oppoſite to the firſt Point C. The 


Line which joins theſe two Points will be the Axis of Gravity, and 
the middle of that Line the Center of Gravity. 


28. HENCE alſo follows, That let the Figure of a Body be 
what it will, the Body cannot fall when its Center of Gravity is 
ſuſtain'd; and when any Body is in Agquilibrio, its Center of 
Gravity muſt be in a Line which goes thro' the Center of Mo- 
tion and the Center of the Earth; which is the Line of Direction of 
heavy Bodies mention'd before *. Thus in Fig. 7. + where the 22. 
Tobacco-pipe is ſuſtained in Aguihbrio upon one's Finger, the + Pl. 4. 
Point C juſt over the Finger is the Center of Gravity. | 


EXPERIMENT V. PI. 4. 


29. IN Bodies that are both regular and homogeneous, the 
Center of Gravity is juſt in the middle of the Body; that is, in 
its Center of Magnitude; as appears in the Body AB *, which * Plate 4. 
being ſuſpended by its Center of Magnitude C, then turn'd Fig. 4. 
round, will remain in any Poſition in which it is ſtop'd; but in 


Fig. 5.* where the ſame Body is ſuſpended by another Point c, it Plate 4. 
will not reſt but when the Point C is come down below c, or 1s 


directly above it, as we ſaid before. But if the ſame Body, which 
was ſuppos'd a circular Piece of Wood (as for Example of Oak) 
be denſer in one Part than another, or be made ſo by letting a 
Piece of Lead into the Wood as at M (Fig. 6. *) then the Cen Plate 4 
ter of Gravity will no longer be at C, but at K; about which _ 


Point of Suſpenſion only, the Body will remain in any given Poſi- 
tion, If the Body was ſuſp-nded by the Point C, it would be at reſt 


only in two Poſitions; v:z. when the Lead being carried up to / 

the Center of Gravity is atc *, or when the Lead is at M, and , , 55 
the Center of Gravity at K +. If the Body was homogeneous 24. 
but not regular, the Center of Gravity would alſo then be diffe- 

rent from the Center of Magnitude. As for Example, If you take | 
the Pipe of Fig. 7.“ and break it at C its Center of Gravity, . pute y 
you will find by weighing the two Pieces ſucceſſively, that there | 
is more Matter in the half C B, than in the other half or 
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Lect. II. 
Aggregate of ſeveral other Bodies or Parts; ſo the Center of 


Ann. 10. 


Ann. 18. 


A Courſe of Experimental Philoſophy. 
30. As any Body that we conſider in Mechanics, is only an 


Gravity of a Body is only the common Center of Gravity of all 
its Parts : and conſequently if ſeveral Bodies are united in any Ma- 
chine, or if there be any Combination of Bodies to be ſuſtained, 

regard is no longer had to the particular Centers of Gravity of the 
ſeveral Bodies which make up the Compound, but only to the 
common Center of Gravity of the Whole. Thus a Wind-mill 
mutt be ſupported under the common Center of Gravity of all its 
Parts, and its Line of Direction muſt fall along the Axis of the 
Poſt round which it moves: And a Crane upon a Wharf or a Dock 
(where the whole Machine turns round) muſt have the Line of 
Direction in its Axis *. 


ExPERIMENT VI. Pi. 4. Fig. 10. 


31. Let the Line AB repreſent an even Rod or Wire divided 
into two equal Parts at the Point C; its Center of Gravity will 
be at C*. And if two equal Bodies equally heavy are thruſt on 
upon its ends, ſo as to have their Centers of Gravity at the ſame 
Diſtance from C they will be in Aquilibrio about the ſaid Point 
which will then become their common Center of Gravity, and 
continue ſo whether the Bodies approach nearer to, or recede 
farther from it in proportion to their Maſles. The fame will 
happen if the Bodies are unequal as A and 5, whoſe Maſſes are 
to each other as Two and One, provided that the greater Body be 
at A twice nearer to the common Center of Gravity c than the 
leſſer Body &: And c will ſtill be the Center of Gravity of thoſe 
Bodies, tho' they ſhould move to immenſe Diſtances from each 
other, provided their Diſtances from the ſaid Point are RO 
cally as their Maſſes, as we ſaid before. 


32. 8o that when two Bodies approach towards or recede from 
each other, with Velocities reciprocally proportionable to their 
Maſles, their Center of Gravity will remain at reſt, And if the 
Bodies being made faſt upon the Wire, the Center of Gravity be 


ſuſtain'd by a Pivot or pointed Broach, how ſwift ſoever the Bodies 
be made to turn round the Center of Gravity and each other, the 


Center of Gravity will remain at reſt *, and the Bodies will de- 
ſcribe ſimilar Circles about it and about each other, the one 
never over-powering the other *. If they be carried forward in 

9 1 any 


* 
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any manner by any external Force acting upon them in propor- Lect. II. 
tion to their Maſſes, their Center of Gravity will go forward un: 
formly in a right Line, and move juſt as if the two Bodies were u- 

nited into one at the ſaid Center: And if they be projected, their 

Center of Gravity will move in the ſame Curve as al Projectiles 

do, whether in their Motion they turn round each other or not. 

This is evident in the Motion of an Arrow, of Chain=Shot, or 
Bar-Shot, and of a Stick thrown from the Hand, the Center of 

Gravity of any of theſe Bodies moving in the fame manner as a 

fingle Ball would do. So the Moon and Earth, in their Motion 

round the Sun, do neither of them deſcribe the Magnus Orbis; 

but their common Center of Gravity deſcribes it, in the ſame man- 


£ ner that they would do if they were both united-in that Point, or 


in the ſame manner that the Earth alone is ſuppos'd' to do it, when 
theſe Inequalities of Motion are overlook'd: And provided that 
their Diſtances from their common Center of Gravity be reciprocal- 
ly proportionable to their Maſles; their Diſtances from each other 
may be greater or leſs in any proportion: If there were no o- 
ther Bodies in our Syſtem but the Earth and Moon turning round 
each other, their Center of Gravity would always remain at reſt; TY 


EXPERIMENT VII. PI. 4. Fg. 17. 5 
33. Ir to the two Bodies A and B there be added a third at B . 
equal to one of the other, let A and B be reduc'd to tlleit common 
Center of Gravity, and be confidered as a Body equal to both placed 
at C; then the common Center of Gravity of C and D will be found 
at K *, as much nearer to C as the Maſs of the Body or Bodies at 31 
C exceeds that of the Body at D. If the new Body weighed but Half | 
as much as one of the others, it muſt be remov'd to d, ſo as to have 
the Diſtance K d, quadruple the Diſtance K C. Nowif C D be a 
Wire, and it be ſupported under K, the three Bodies, whether D 
or d be made uſe of, „ that means; only in ta- 
king the Center of Gravity exactly at K, we muſt not conſider the 
Weight of the Wire, whoſe Thickneſs we are to ſuppoſe diminiſſi- 
ed in Infinitum, ſo as to look upon the Wire only as a Mathemati- 
cal Line without Subſtance or Weight. 
ExPERIMENT VIII. Plate 4. Ng. 12. 


34. Ir upon this Center of Gravity of the three Bodies, be pla- 
ced a flat triangular Body @ 4 c, with its Center of Gravity juſt 
| | „ N over 
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Lect. II. over K, then a ſquare one as de fg, then a circular one as Yi, all 

◻ nn the ſame manner; ſtill the whole will be ſuſtain'd by ſupporting 
the Point K. Whence it appears, that if the whole Weight of a 
Body be reduced into its Center of Gravity, it will (act as a heavy 
Body, that is) gravitate juſt in the fame manner as it would before. 
35. Ir theſe three Bodies, united to or acting upon one another 
in any manner proportionable to their Maſſes, be carried round their 
common Center of Gravity ; that Point will be at reſt, for the ſame 
Reaſon as it will happen in reſpect of two Bodies ; becauſe any Num- 
ber of Bodies may in this reſpect be reduced to two. Thus in our 
Syſtem, where the Sun and all the Planets move round their common 
Center of Gravity, that Center is at reſt in the middle of the Syſtem. 
Tho' we commonly conſider the Sun as immovable in the middle of 
the Syſtem ; becauſe as it has vaſtly more Matter than all the Planets 

together, that Center will always be very near the Sun's Center. 


36. IT often happens that the Center of Gravity of a Body, or 
of a Syſtem of Bodies, is not within the Body itſelf, or any one of 
the combined Bodies; yet we are to have the ſame Regard to its 
Support, Deſcent, or Motion in any Direction, as if it was. As 

* Plateq. for example, let us ſuppoſe the Bodies A and 5 * to be at the Di- 
Fig. 19- | "ſtance Ah from each other, and that 4 5 is no longer a Wire, but 

Ab is a Line repreſenting their Diſtance ; we ſhall find their Cen- 

| ter of Gravity to be at c without the Bodies. And if inſtead of the 

plate 4. Wire CD we ſuppoſe the Body D* joined to the two Bodies A 

Fig.11. and B by the Wires AD and BD, the Center of Gravity at K will 
be neither in the Bodies nor Wire: ſo that if we would ſuſtain the 

ſaid Bodies, we muſt ſupport ſome one of them, or ſome Part of 
the Wire as G; which being made the Center of Motion, the Center 

of Gravity K will (if the Bodies hang freely) come juſt under it; 

or if we ſupport the Point H, the Bodies will be at reſt, by reaſon 

of the Center of Gravity being juſt over H the Center of Motion. 

* Platez, In the Ring AB H“ the Center of Gravity is in no part of it, but 

F. it may be ſupported by any other Point, as O or E, &c. Upon this 

account the Ring of Saturn has its Center of Gravity in the Body 

of Saturn. And tho' the common Center of Gravity of the Sun, 

Moon, and Earth is within the Sun's Body, yet the common Center 

of Gravity of the Moon and Earth is in neither of the Bodies, but 


between them. | 
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SiNcE OE is the Line of Direction, it is evident that in a- Le. II. 
ny Poſition of a Body or of a Combination of Bodies, / the Pin. 
of Suſpenſi ion or Center of Motion be in any Part of. the Line of 
Direction, the Body er Bodies wull remain in that Poſition; other. 
wiſe the Center of Gravity will deſcend. as low as it cun, and by its 
Motion alter the Poftion of the Body. 


ExPERIMENTS IX, and X. 


8. SEVERAL odd Phenomena depend upon this Principle; as 
for example, the double Cone or Spindle A CBD * being laid on at » pl. 4. 
E upon the lower Part of the Rulers EF, will of itſelf move towards Fig. 14. 
FF, tho' thoſe Ends are raiſed up to the Heights FG by the two 
Screws FG; and by that means will ſeem to move upwards: And , , 
the Cylinder M*, whoſe Center of Gravity is in the Mid-way _ Fig. 4 
tween K and O, will actually roll up the inclin'd Plane AC, 
videdit be hinder'd from ſiding by the Rope Rr. How high F G+ Pe IS 
may be in proportion to the Bigneſs of the Spindle AB CD; orB C* * F. ß. 
in proportion to the Cylinder M, is demonſtrated in the Notes ＋. + Ang. 12. 
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39. Br before we mention any more of theſe Phenomena, it 
will not be amiſs to ſhew how the common Center of Gravity of 
two or more Bodies may be found. 

IN two Bodies it is in a Line which joins their particular Centers 
of Gravity, and this Analogy gives it: 


As the Maſs (or Quantity of Matter in ) the two Ie ; 
Is to the Maſs of one of the Bodies: 
So is the Diſtance of the Centers of Gravit 'y of the Bodies: 
To the Diſtance of the common Center of Gravity from the Center 
of Gravy of the other Body. 


For example, if we ſuppoſe the Bodies A and B* to weigh * Pl4. 
2 Pounds each, and to have their reſpective Centers of Gravity * 
4 Foot diſtant from each other; then, 


As 4 the Maſs of the two Bodies: 
1s to 2 the Maſs of the Body B:: 
So 7s AB, or 4, the Difance of their two Centers of Gravit 
To 4 5 the Diſtance of the common Center of Gravity, 2 rom the 
1255 Center of Gravity ef A, which is 2 Fot. | 
Vor. I. I | 85 OR 


55 
Lect. IT. 


A Courſe of Experimental Philoſophy. 


OR to expreſs it ſhort by Algebraical Notations, A+B:B: 


WR DI AB: AC; but if we take A of 2 Pounds and & of 1 Pound, as 4s. 


Dig. 11. 


* Am. 13. 


equal to 3 Feet, the common Center of Gravity will be at c with 
in 1 Foot of A, or twice nearer its Center than the Center of 5; 


becauſe A +6 (a) : 3 (61) :: AS (3): Ac 1 Thus is the com- 


mon Center of Gravity of the Moon and Earth found, when once 
we know their Maſſes and Diſtances. The Earth weighs about 40 
times more than the Moon, and the Center of the Moon is about 6 x 
Semi-diameters of the Earth diſtant from the Earth's Center ; there- 


tore the common Center of Gravity of both is diſtant from the 


Center of the Earth almaſt one Semidiameter and a half, or near 


2000 Miles above the Surface of the Earth; for as the Maſs of the 


Earth and Moon (41): to the Maſs of the Moon (1): : fo is their 
Diſtance (61): to the Diſtance of the common Center of Gravity 


of both from the Center of Gravity of the Earth, that is, 14+ Se- 


eee th Earth. 


Ir there be more Bodies than two, as for example, the three 
Bodies A, B, and D*; firſt find the common Center of Gravity of 
two of them by the foregoing Rule, and it will be at C: then fay, 


As the Maſs of the two Bodies conſidered as united at C, together wi wth 


the Body D: 
Is to the Body D: 
So is C D the Diſtance of the common Canter F Gravity of A and B 
from the Center of Gravity of D: 
To CK, the Diftance of the common Center of Gravity of the three 
Bodies from the common Center of Gravity of the two firſt. 


On in dom, A BFD: D:: CD: CK. And if there be a 
Combination. or Syſtem of any Number of Bodies; their common 
Center of Gravity may be and. Step by Step, in the ſame 


Manner 


HN CE follows, that one may alter the Place of the Cen- 
ter of Gravity of a Syſtem of Bodies, by adding one or more Bodies 


to it, or by taking one or more af the Bodies away. And the. 


Center of Gravity of a ſingle Body may be removed at plea- 


ſure, hy adding to or taking from its Maſs. And this is of 


fingular Uſe in Machinery, or that Part of Mechanics that relates 
chiefly to Engines, . becauſe of the ſeveral Powers that are combin'd 
| | 1. 
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4 Courſe of Experimental Philoſophy. 89 
in a Machine, and the ſeveral Poſitions that they muſt have in re- Led. II. 
ſpect to each other in their Motions. | —— 
EXPERIMENT XI. Plate 5. Fig. 1. 


42. AB & is a rolling Lamp that has within it the two moveable . p; 7 
Circles D E and FG, whoſe commas Center of Motion is at K, Fig. «. 
where their Axes of Motion croſs one another, in which Point 


| - alſo is their common Center of Gravity. If to the inward Circle 


you join within- ſide the Lamp K C made pretty heavy and movea- 
ble about its Axis HT, and whoſe Center of Gravity is at C, the 
common Center of Gravity of the whole Machine will fall between 
K and C, and by reaſon of the Pivots A, B, D, E, H, I, will 
be always at Liberty to deſcend; and therefore let the whole Lamp 
be roll'd along the Ground or mov'd in any manner, the Flame 
will always be uppermoſt, and the Oil cannot ſpill. Thus is the 
Compaſs hung at Sea ; and thus ſhould all the Moon-Lanterns be . 
made, that are carried upon a Pole before Coaches or Carriages that 
go in the Night. | | 


ExPERIMENT XII, Pl 5. Fig. 2. 


43. WN inclin'dBodies, ſuch asthe gblique Cylinders AB ED, 
* a bed, are ſet upon an horizontal Plane; they will fall the : pl. 5 


Way that they incline, if in their Motion that Way, their Center of *'s- 2 


Gravity can deſcend without firſt riſing *. Thus c, which is the. 
Center of Gravity of the Body @ 6 e d, will deſcend in the Arc c E, a 
whoſe Center is the Point e, which is the Center of Motion of the 
Body when it falls. But C the Center of Gravity of the Body 
ABE D moving round the Center of Motion E in the Arc CK, 


. cannot come down to K without firſt riſing up to F, which is a- 


bove C; therefore the Body can't fall by its own Gravity, becauſe 
the Center of Gravity will not riſe of itſelf *. * 24, 28. 


44. HERE it is obſervable that c O, the Line of Direction * of 
the Body a bed, falls without its Baſe; and CO the Line of Direc- 
tion of A BED falls within its Baſe : whence it follows, that in- 
clin'd Bodies ſet upon an horizontal Plane will fall, when their Line 
of Direction does not go thro their Baſe : but they will ſtand when 
the Line of Direction falls within their Baſe *. . 


20. 


* Ann. 14. 


I 2 3 Ts 
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Hate 5. 
Fig. 3. 


+ FL $. 
Fig. 2. 


Ann. 14. 


* Ann. 15. 


33. 
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TH1s is the Reaſon why an inclin'd Tower, ſuch as that of 


Pi. or Bologna, does not fall, tho' its Top hangs ſo far over the 


Baſe as to appear dangerous to thoſe that walk at o * near its Foot, 
and don't know upon what Principle it is ſafe. 

Ir HIed the lower Part of the Body abe d + be equal, 
ſimilar, and alike inclined, to the Body ABED, it will not fall for 
the Reaſon above-mentioned, its Center of Gravity being then at 

but as ſoon as the upper Part or Cylinder @ 5 IH is ſet upon it, 


and ade faſt by the Pins 7 /, it brings up the common Center of | 


Gravity to c, and then the two (which are now become one Body) 
fall towards o. but if HIed being held faſt, the upper Part 46 H 
be ſet upon it, that Part will ſtand faſt without the Help of the 
Pins /; for as its Center of Gravity is at G, its Line of Directi- 
on will go thro' the Plane H I, which is now the Baſe of the Body 
abTH. But upon letting go H Le d, the upper Part will bring 
down the lower, and they will fall together, beginning to move 


round the Per of Motion e, the common Center of Gravity c 


deſcending towards & #, 
| ExprxIMENT XIII. Pls. Fig. 4 


46. IF in the Hand H * be held upright a Needle or ſharp- 
inted: Broach as C, the Fork D, whoſe Center of Gravity is at 
D, being ſet upon the Point of this Needle, will be ſupported +, 
though it will be difficult to place it right; becauſe the Point of the 
Needle is ſo ſmall a Baſe, that it will require a nice Hand to bring 
the Center of Gravity ſo directly over that Baſe, as to make the Line 


of Direction go thro' it &. But if another Fork, as B, be ſtuck in- 


to the Handle of the firſt, and a third of equal Weight with the 


' ſecond, as A, be ſtuck upon the Points of the firſt, all the three 


will be ſuſtained. 
Tur Line AB, which goes thro' the 8 of Gravity of the 
Forks A and B, being biſſected at c, ſhews that Point to be the 


common Center of Gravity of thoſe two Bodies: The Addition of 


the Fork D alters the Center of Gravity *, and cauſes the Point C 
(which is as near again to c as to D, the Center of Gravity of D) 


to become the common Center of Gravity of the three Bodies “. 


In this caſe the Bodies will be all ſuſtained by means of the Needle 
under D, becauſe the Center of Gravity is as low as it can be: On- 
ly with this Difference, that in the Caſe of the ſingle Fork D, the 
Center of Gravity (which was then over the Center of Motion) 
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would deſcend upon the leaſt Shake, and throw down the Fork; Lect. II. 
but now no Shake, but what is ſtrong enough to make D jump off 


from the Point of the Needle, can cauſe the Bodies to fall: for if 
the Center of Gravity be rais'd out of its Place, it will always re- 
turn to C the loweſt Point it can deſcend tos. | 


47. SINCE the Line of Direction runs through the ſupported 
Point under D, it follows, That a Body, or Syſtem of Bodies will be ſuſ- 
tained (that is, their common Center of Gravity won't deſcend) when 
any Part of the Body which is in the Line of Direction is ſupported; 


but will Fall when no Part which is in the faid Line ts ſupported, 


48. Ir by a Force impreſs d upon the Bodies A or B*, or both, 
they be made to turn round each other and round the Center c, 
in a Circle whoſe Diameter is AB; they will ſtill be ſupported as 


924 


3 
Fig. Fo 


before: whether they turn faſt or ſlowly round *; and whether D. 32. 


be heavy or not, in which latter caſe the common Center of Gra- 
vity will return to c, and whether D, C, or e be the Point ſupport- 
ed: Nay, if the Hand that carries the Bodies ſtands ſtill, or moves 
in a right or a curve Line, the ſame will hold; that is, the Action 
of the Bodies upon each other (or in reſpe& to each other) will 


not be alter'd, tho? they are carried along with their Center of Gra- 


vity: Neither will the Alteration of the Plane in which the Bodies 
move (that is here the riſing of A and ſinking of B, or the riſingof 
B and ſinking of A, as they turn) have any Effect upon the Motion. 
of their Center of Gravity. Thus whether the Moon and Earth move 

faſt or ſlow about each other, and their common Center of Gravity; 

and whether the Plane of the Moon's Orbit be more or leſs inclin'd 
to the Plane of the Ecliptick, and whatever may be the Change of 


that Inclination, the Motion of their common Center of Gravity: 


| {which deſcribes the Magnus Orbis) will be no way affected. 


EXPERIMENT XIV. P/ F. R . 


49. Ir ſuch a Body as AB * be ſet upon the Pedeſtal N DP, 
it will fall, becauſe its Center of Gravity can deſcend (in the Arc 
C9) or, which is all one, no part of it that is in its Line of 
Direction CO is ſupported ; but if the two Awls L, MI, be 
ſtuck into the ſaid Body, their common Center of Gra- 
vity being at & (in the Mid-way between L and M) will 
bring back. the common Center of Gravity of all: the 


3 
Fig. 5. 


three 
Bodies 
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A Courſe of Experimental Philoſophy. 


Lect. II. Bodies to K. and then K o will become the Line of Direction of 
tie Bodies, in which the Point K being ſupported, the Bodies « Cale 
not fall *. 


 ExXPERIMENT XV. Plate 5. Fig. 6. 


go. LIKEWISE the Body AB * being ſet upon the Pedeſtal 
AE would fall, its Center of Gravity moving round the Point M in 
the Arc C g. But if an heavy Body, as D, be join'd to it fo as to 


bring the Center of Gravity to K, then CO will ceaſe to be the 


Line of Direction: and in the Motion of the Bodies round M, the 
Center of Gravity K muſt deſcribe the Arc K 4 moving upwards, 
which cannot be *; therefore AB will be ſupported by n an- 
other heavy Body to it. 


51. Wrrx Bodies are laid upon an inclin'd Plane, they will 
come down, though the Line of Direction falls within their Baſe. 
In ſuch a Caſe their Center of Gravity will not move in their 
Line of Direction (which only happens when Bodies fall freely) 
but will move in a Line parallel to the Plane, the Body fliding all the 
while. But if the Line of Direction of the Body falls out of its 
Baſe, which is applied to the Plane, the Body will tumble or roll 
along the Plane *. | 


ExPERIMENT XVI. Pl. 5. Fig. 7. 


He NE follows, that the ſame Body, that in one Poſition would 
ſlide along an inclin d Plane, will roll down in another. Thus the 
Body ABCD *, when ſet upon the Plane c MN, will ſlide in the 
Poſition abe d, becauſe its Center of Gravity k cannot fall in the 
Line of Direction of k o (the Body being ſtopp'd by the Plane) 
nor move in the Arc k c about d for a Center of Motion ; becauſe 
in this laſt Caſe the Center of Gravity muſt riſe, which cannot be *: 
And therefore the Center of Gravity will deſcend in the Line 


ks. But if the ſame Body ſhould be laid on in the Poſition 


abcd, it would tumble towards M, its Center of Gravity de- 

ſending: in the ArcKg. For this Reaſon a Column may be 

drawn up an Hill when laid along in a Waggon, which would 

tumble backwards if ſet upright in the ſame Waggon: And a 

Load of Hay would be overthrown going along the fide of an 

Hill, where the fame Waggon would go along ſafely, if eh 
wi 
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A Courſe of Experimental Philoſophy. 


with an equal Weight of Iron ; only becauſe in the Load of Iron Let. II. 
the Center of Gravity 1 is low; but very high in the Load of Hay &. 


nn. 1”, 


What has been faid in the three laſt Paragraphs +, will be farther } t 4744 
confirm'd by the following Expe riments. | | 


ExPERIMENT XVII. Pl. 5. Fig. 8. 


2 52. Ur o x the Table TT, which has a Slit from X to x, ſet 80 
che little Image DM in ſuch manner, that the Saw c (which is faſt- Fis- 8 
FZ en'd at one end to the Hands of the Image, and has a Weight W 
3 fix'd at the other end) may paſs through the Slit X x, and the Image 
will ſtand in an upright Poſture: Then if the Head of the Image 
g be brought down to A or B, it will imitate the Motion of Saw- 
ing, and vibrate ſeveral times in the Arc A B, whilft the Weight 
W does in the ſame manner deſcribe the Arc VWV, the Center 
of Motion of the whole, (that is, of the Image, Saw, and Weight) 
being at M: the common Center of Gravity K does likewiſe de- 
ſcribe the Arc LK L, till (after having ſeveral times defcended from 
L on either fide) it comes to ſettle at K, juſt under the Center of 
Motion. If the Image had no Saw, it would ſtand upright when ſet 
on the Table, becauſe its Center of Gravity C would then be 
juſt over the Center of Motion M *; and ſome Part of the Image * 26. 
which is in the Line of Direction o O would be ſupported T, + 45: 
but the leaſt Alteration of Poſition that ſhould move Fc from 
over M would throw down the Image . Then if the Saw c be » 26. 
added ; fince its Center of Gravity is at c, the common Center 
of Gravity of the Man and Saw will be at L, and in that Caſe 
the Image with its Saw will fall towards X: but if by means of 
a curv'd Wire the heavy Weight W be join'd to the Saw, the 
common Center of Gravity of the Man, Saw, and Weight, will 
be at K*, and the Line of Direction will again be oO; therefore · 38. 
the Image will ſtand in its upright Poſition, If now the Image be 
inclin'd forwards or backwards, it will after ſeveral Vibrations re- 
turn to its firſt Poſition, becauſe the Center of Gravity always en- 
deavours to deſcend to K, in doing which it will bring the Image 
upright. N. B. This Experiment ſucceeds beſt with two little Points 
In the Heels of the Shoes to bear on the Table. 


Plate 5. 


Fig. 9. 


> 2 


* 45. 
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EXPERIMENT XVIII. Pl. 5. Fig. 8. 


537, Uron he Stick 8 s * (which of it ſelf would fall from the 
Table, becauſe its Center of . Gravity hangs over) ſuſpend the Pail 


F. fixing another Stick 5 9, one end ina Notch at p, and the 


other againſt the inſide of the Pail cloſe to the Bottom, and the 
Pail without any other Help will be ſupported on the Stick 8 S; 

which will not fall from the Table though the Pail be afterwards 
fill'd full of Water, provided the Bale or Handle of the Pail be 


pretty near the Table, and the Stick pg long enough to puſh the 


Pail a little out of the upright. 
W xx x the Stick 8 8 * is horizontal on the Table T 4B, C i; 
the common Center of Gravity of the two Sticks SS, PO the 
Pail DQE, and the Water contain'd in it, all which taken together 
are to be look'd upon as one Body whoſe Line of Direction is O O; 
and as the part of 8 S which is a little behind the Bale B is in the 
Line of Direction, and fuſtain'd upon the Edge of the Table, the 
whole Body above mention'd cannot fall: for if it did, the part 


Bs muſt riſe at the End S, into the Poſition B 5s, and P 8 deſcend 


into the Poſition þ 5; which cannot happen unleſs the Pail riſes in- 
to the Poſition d q e, bringing up the common Center of Gravity 
to c in the Arc Ce D, which is impoſſible * from Gravity alone, 
without the Action of an extrinſecal Agent. But if the Pail DE 
be lifted up under the Table, and the Stick SS inclin'd above it, 


ſo that the whole Machine comes into the Poſition 5s pe gd : 


If then it be left to it ſelf, and the Stick 5 is ſo ſmooth as well as 
the Table under B, that there! is little or no Friction between them, 
the whole Machine will ſlide down and ſo fall from the Table; 
moving in the Direction , and the common Center of 
Gravity c in the Line c E, Tangent to the Arc DSC. Here it is 
obſervable, that as % is now the Line of Direction, no Part of 
the Body in the ſaid Line is ſupported *. 
N. B. The Experiment is repreſented in Fi rr 8. 
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ANNOTATIONS upon the Second LECTURE. 


By its Velocity.) 


I. E 7 


OME Authors have confounded Velocity with Motion, tho' it is 

but an Adjunct of it, imagining that one Body muſt have as much 
Motion as another, whenever it moves as faſt, and more Motion 

when it moves faſter; but this is only true when the Bodies have equal 
Quantities of Matter, or when we compare the Motion which a Body has 
at one time with the Motion that it has at another. The General Defini- 
tion indeed (viz. that Motion is the Tranſlation of a Body from one Place to 
another) takes no notice of the Quantity of Matter; but when we compare 
moving Bodies, we have a Regard to their Quantity of Matter: for Velc- 
city alone, without conſidering how much Matter is mov'd, will never en- 
able us to determine the F orce, which we call the Quantity of Motion. For 
example, ſnou'd a Dog and an Horſe moving with equal Swiftneſs run againſt 
a Wall of the Thicknefh of a ſingle Brick; the Dog wou'd be beaten back, 
whilſt the Horſe that carried 40 times more Matter wou'd beat down the 


Wall, Sc. 


[ 


2. 15. Force and Motion mean the ſame Thing.] See Sir Iſaac New- 
ion in the Beginning of the firſt Book of his Principia, Def. 2. and 8. 


2. 19: Leſs Matter than the Ram.] If the Battering Ram R“ 


Annotat. 
Lect. II. 


—— 


* Plate 4; 


be 28 Inches in Diameter, and 180 Foot long, made of ſeveral Pieces of Fig. 2. 


Timber, as for. example, of Oak join'd rogether, It will contain 750 Cu- 
bic Feet of that Timber, which at 530 Pound a Cubic Foot will weigh 
37500 Pounds: If the Head of it made of Caſt Iron weighs a Ton and a 
halt, that will be 3360 Pounds; then if the five Iron Hoops about it are one 
Inch Thi ck, two Inches deep and 94 Inches in Circumference, they will 
weigh about 50 Pound each, which with two Pounds of Nails allow'd to 
keep them tight to their Places will make 252 Pounds. Now all theſe Weights 
added together will give us 41112 Pounds for the whole Weight of the 
Ram, which if it be mov'd by 1000 Men employ'd only to make it ſtrike 
aga: nſt the Point L of the Wall AH IG E (ſuppoſing it to ſwing ſuſpended by 
its Center of Gravity from a moveable Gallery or only a Treſſel) each Man 


will move a Weight of 41 Pounds. The Quantity of Motion produc'd by 


this Action, when the Ram moves one Foot in a Second, may be expreſs'd 
by the Number 41112; which Motion or Force compar'd with the Quan- 
Vor þ K = 


' 
| 
1 
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tity of Motion in the Iron Ball B ſhot out of the Cannon C, will be found 
equal to it: For a Cannon Ball is known to move as faſt as Sound for the 


pace of above a Mile, and if you multiply 36 Pound the Weight of the 


Ball by 1142 (the Number of Feet which Sound moves in one Second) you 
will have the Number 41112 to expreſs the Force or Quantity of Motion in 
the Ball B ſtriking at L. And if, after a few Strokes given by the Batter- 
ing Ram, the Mortar or Cement is ſo looſen'd that the Piece of Wall 


ADDFE is at laſt by a Stroke of the Ram carried forward from F to K, 


and ſo beaten down; the ſame thing will be performed by one Cannon 
Ball after the ſame Number of equal Strokes given before by others, as we 
had ſuppoſed by the Battering Ram: and then the Quantity of Motion in 
the Piece of Wall ADDFE carried from F to B will be juſt equal to the 


Shock of the Ram, or of the Bullet B. | | 


This ſhews how advantageous the Invention of Gun-powder is; ſince we 
are thereby enabled to give ſuch a prodigious Velocity to a ſmall Body, that 
it ſhall have as great a Quantity of Motion as a Body immenſely greater, 


and therefore perform as much by its Percuſſion; tho? we uſe but few Hands 


in the Management of it, for three Men are able to manage a Cannon which 


_ ſhall do as much Exccution as the Battering Ram above mention'd. 70 


„ Poliarch. 
Lib. 3. 


that would have a more ample Account of the Battering Rams and war like 
Machines of the Ancients, may find them deſcrib'd in ſeveral Authors, eſpecially 
in Juſtus Lipſius *. The Ram which ] have conſidered here is taken at a 
Mean, being bigger than ſome and leſs than others that we read of, | 


. Subtile Matter, &c.] The Cartęſians, in order to maintain 
their Plenum, ſuppoſe a certain ſubtile Matter to fill all Spaces between, 
and Pores within Bodies; and that this /#u#/ile Matter by being continually 
divided, becomes ſo fine a Duſt as to have neither Weight nor Reſiſtance, 
and yet that it is the Cauſe of Gravity: but any one that conſiders this Aſ- 
ſertion will find it inconſiſtent with itſelf. - For frft, if ſuch a Matter fill'd 
all the Interſtices between the Parts of Bodies, it wou*d render them equally 
full: Secoudly, Wherever it filPd any Space that had no other Bodies in it, 
it muſt be more ſolid than Gold and harcer than Diamonds, and conſequent- 
ly could not be a fine Duſt, as is imagin'd; for a Body, when ſolid, differs 
from the ſame Body in Duſt, only becaule its Parts are ſeparated from one 
another, ſo as to have a great many Voids between: as a Pound of ſolid 
Gold differs from as much Gold Duſt, only becauſe the Parts of the Duft 
are more ſeparated, mix*d with Vacuities, and do not touch in ſo many Points. 
as the ſolid Lump; the Duſt eaſily becoming a ſolid Lump when the Vacui- 
ties are driven away by Fire, which turns the Duſt into a Fluid that after- 
wards (upon the Removal of the Fire) is chang'd into a ſolid Lump with- 
out loſing any of its Weight. Thirdly, As the Carte/ians affirm — That of 
ſubtile Matter the Earth and Air (heavy Bodies) are compounded, it is 


abſurd to ſuppoſe the Matter of which they are made to be without Weight; 


ſince the Gravity of any whole Body is made up of the Gravity of all its 
Parts taken together. Fourthly, When the Caritęſans make their ſubtile 
| Matter 
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Matter the Cauſe of Gravity, they ſeem to forget what they have ſaid of it Annotat. 
before, namely, that it has no Reſiſtance; for if a Fluid, by its Motion about Lect. II. 


che Earth, impels all the Bodies near it to fall down to the Earth, it cannot 
be void of Reſiſtance, becauſe whatever impels muſt ret: And to fay, that 


| ſolid Bodies can move thro? this ſubtile Matter without ſuffering any Reſiſt- 
ance, but that the ſubtile Matter when it runs againſt ſolid Bodies drives 


them out of their Places, is an Abſurdity unworthy of a Philoſopher, Yet 
becauſe the Cartęſians cannot deny the Experiment of a Piece of Gold, and 
a Feather falling equally faſt in a Glaſs Receiver out of which the Air has 
been pump*d * (and the Experiment has been made in a Receiver 10 Foot 
high; ſee Phil. Tranſ. No. 354.) rather than give up their Plenum, they 
ſay, that when the Air is pump'd out, the Receiver is as full as before, but 
that it is AIPd with ſuch a ſubtile Matter as makes no manner of Reſiſtance: 
So that upon the whole, the Cartęſian Account of the Cauſe of Gravity, and 
the Non- reſiſtance of their ſubtile Matter, are inconſiſtent with each other. 
Many more are the Contradictions which they fall into, by endeavouring to 
ſolve Phenomena by the Powers and Motions in all Directions which they 
attribute to this ſubtile Fluid; but I ſhall ſay no more on this Subject, till I 
come to ſpeak of the Motions of the heavenly Bodies. 5 


5. [16. At once with the Leaver.] It was upon this Principle that Archi- 
medes propoſed the lifting of the whole Earth, in caſe there could be 
found a fd Point, or Place to ſupport his Inſtrument, dos ms wu, x Tov 
x57/40y xiwiow, By which he meant--- That the leaſt Power, by increaſing its 
Velocity, might raiſe the greateſt Weight; and that in this reſpect there are 
no Bounds, where we can get a Place for 4 fix*d Point, and a due Diſtance 


for the Power. Now, tho? raiſing the Earth is a Propoſition purely Mathe- 


matical, and not to be reduc'd to Practice; yet for Curiolity fake we'll 
conſider it a little here, | | 

If we take the common Center of Gravity of the Earth and Moon for 
the fix*d Point (Fulcrum, or propping Point) of our Leaver, which we will 
ſuppoſe 240000 Miles long, that 1s, reaching from the Center of the Earth 
to the Center of the Moon; then the Moon, or a Weight equal to it made 
uſe of as a Power, will be able to ſupport the Earth at the other End of the 


Leaver; and if it be removed but an Inch farther, it will raiſe it up. * Here 


the Diſtance of the Center of Gravity of the Earth from the fix*d Point 
of the Leaver is 6000 Miles, and that of the Center of Gravity of the 
Moon or Power is almoſt 40 times as far; and if the Moon be ſuppoſed 
to move with the ſame Velocity that it wou'd fall to the Earth by the 


Force of Gravity, if its projectile Force did not hinder it; then the Earth 


would be moved ane Inch out of its Place, by the Moon's moving about 

40 Inches. | | | 
Now if, inſtead of the Moon, we make uſe of a Power whoſe Intenſity is 
equal only to a Weight of 200 Pound, as for Example, the Force of a Man, 
as Archimedes propoſes : Then ſtill ſuppoſing the Earth at the Diſtance of 
6000 Miles from the fix'd Point, that Brachium of the Leaver to which 
| | | K 2 the 
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Lect. II. 
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the Power is applied, muſt be lengthened in the Proportion that the Weight 
of the whole Earth bears to 200 Weight. In this caſe the End of the 


T aver will reach quite out of our Syſtem among the fix*d Stars, above fit- 


teen thouſand Millions of Millions of times farther than the Diſtance of Saturn. 


And if Archimedes (or the Power) be ſuppos'd to preſs upon the Engine 


with the Velocity of a Cannon Ball, he wou'd be in Motion at the End 
of the Leaver above 25 and near 27 Millions of Millions of Years to raiſe 


the Earth one Inch in that Time, and wou'd go thro? a Space above 39 


thouſand Millions of times greater than the Periphery of Saturn's Orbit. 
For the ſake of ſuch as word examine this Calculation, we ſubjoin the 
Numbers that we made uſe of. 


The mean Diameter of the Earth is equal to 19 688 72 5 Paris Feet, 


¶(Neuton, Princ. Lib. 3. Prop. 20. Pag. 387.) 

Suppoſing the Diameter to the Circumference as 7 to 22; and multiplying 
the Diameter by the Circumference, you will have 1218 315 660 966 230 
Square Feet for the Surface of the Earth: which laſt Number, multipli— 
ed by the 6th Part of the Diameter, will give 3 997 847 001 180 744 
647 897 + for the Cubic Feet contained in the whole Earth. 


Now if we ſuppoſe a Cubic Foot of Earth to weigh 100 Pound, mul- 


tiplying by 100 we ſhall have the Weight of the whole Earth in Pounds, 
VIZ. 399 784 700 118 074 464 789 750. 


Then, As 200 Pound (or the Intenſity of the Power) e 
Ts to 399 784 700 118 074 464 789 750 (or the Intenſity of the Weight) : 1 


So ts booo Miles (the Diſtance of the Weight or of the Center of the Earth 


from the fd Point) 
70 11993 541003 542 233 943 692 500 Miles (or theDiſtance of thePower). 


This laſt Number not only expreſſes the Diſtance of the Power, but the 
Number of Miles that the Power muſt move to raiſe the Earth one Mile; 
becauſe the Velocities of the Power and Weight mult be reciprocally as their 
Maſſes. But if we wou'd raiſe the Earth but one Inch, we mult divide by 
66 360 (the Number of Inches in a Mile) and we ſhall have the Miles gone 


thro? by the Power whilſt the Earth moves 1 Inch, ViZ. 189 291 996 583 | 


668 465 020 Miles. 

To have a clearer Idea of what has been ſaid, Jet 1 us compare the Diftance 
of the Power and Space that it muſt go thro? „with ſome great Diſtance 
that we know, and with the Space defcrib*d by ſome Body that we can ob- 
ſerve ; as for example, with the Diſtance of the Planet Saturn, and the Space 

wich it deſcribes in going thro? the whole Circumference of its Orbit. 

Salurn, at its mean Diſtance from the Earth (which is equal to its Di- 
ſtance from the Sun) is above 9g times and a half (or 9,51 times) farther from 
the Sun chan the Earth, which 1:{t we ſuppoſe 81. Millions of Miles from the 
Sun; and therefore will be expreſs*d by this Number of Miles (vz.) 
770 310 000, by which dividing 11993 541 003 542 233-943 692 500, 
we ſhall have a Number which ſhews us that the Power muſt be app lied 

farther 
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FF: farther from the Fulcrum or Center of the Motion then Saturn's Diſtance, Annotat. - 
|: . 15 569745951025 731 times. Then if the Space that the Power mult go Lect. II. 

| thro? (or 189 291 996 583 668 465 020 Miles) be divided by 48419485711. 

the Number of M.les in the Periphery of Saturn's Orbit, the Quotient will 

ſhew us that the Power will go thro? a Number of Miles 39 094 177 438 


times greater. | 

Again, if we ſuppole the Power, or Archimedes puſhing forward the far- 
theſt End of the Leaver; we ſhall ind, that tho? he ſhould move as faſt as 
a Cannon Ball, he wou'd ſpend 26 978 123 942 460 Years in moving the 
Earth one Inch. For if we ſuppoſe a Cannon Ball to move with the ſame 
Velocity as Sound, or a Mile in 4 Seconds and an halt (as Experiments 
have confirm'd it) it muſt move 800 Miles in an Hour: And as one Lear 
contains 8 766 Hours, 800 times that Number is the Number of Miles which 
a Body with the Velocity of a Cannon Ball would move in a Year; by 
which Number (7 012 800) if you divide 189 291 999 583 668 465 020 
(the Number of Miles that the Power goes thro') you will have the 
Number of Years which it muſt take up to go thro? the ſaid Space, namely 
26978 123 942 460 Years ; which was to be proved. | 

Biſbop Wilkins in his Mechanical Powers mentions a compound Engine of 
Wheels, whereby the Earth might be rais' d, without ſuppoſing the Power 
to be applied at any conſiderable Diſtance from the Earth, but what be 
ſays depends entirely upon the ſame Principle : for even in that Caſe, the 
Power (if equal to what we have ſuppos'd) muſt go through a Length e- 
qual to as many Miles as we have mention'd above, in order to raiſe the Earth 
but one Inch; though the Line in which it mov'd ſhould be but a Circle of a 
E Foot in Diameter; for let the Machine be made in any manner whatever, the 
D. ference of the Velocities of the Power and Weight <ill always be recipro- 
39 cally as their Maſſes (or their Intenſities) confidering the Power as a Quantity 
= of Matter in Motion) hen they balance one another; and the ſmalleſt Addition 
= of Velocity (fill ſuppos'd in theſe Calculations) will make the Power overpaiſe. 


6. [16.—WWhere we would gain Time, we muſt employ more Strength.] For 
want of rightly conſidering this, a great deal of Time and Money has been 
fruitleſsly ſpent in mechanical Works, by ſuch as imagine that Force might 
be generated by the Figure of a Machine; whereas Mechanics teach us 
not to make, but to apply Powers, ſuch as we find them in Nature; for 
we deceive our ſelves, if we think that by means of any Engine whatever, 
One Man ſhall do the Work of Two in the ſame Time, ſuppoſing the Men 
to employ the ſame Strength. But yet the Science of Mechanics is not to: 
be rejected as uſcleſs; for to the practical Arts that are deriv'd from that 
Science we are indebted for a great many of the Neceſſaries as well as Con- 
veniences of Life. In the Performance of ſeveral Works, where we have 
luficient Strength, we oficn want Time; and ſometimes where we have 
Time to ſpare, we want Strength. In ſuch Caſes the Skill of a good Me- 
chanic is to be exerted in directing the Application of the Powers accord- 
ing to Time. Thus in making Harbours, and carrying on Digues, Moles 
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Annotat. or Banks, where at every Tide the Sea may damage the Work, and a 
Lect. II. Spring-Tide over-ſet it; the greateſt Number of Hands muſt be employ'd 
2 bat can work by one another. In ſome Caſes, as raiſing Blocks of Marble 


or other heavy Goods out of Ships to lay them upon a Wharf, many 
Hands cannot be employ*d; either becauſe: they cannot well ſtand by one 
another about the ſame Block, or becauſe they cannot lift all at once; or 
when they have got up their Burthen, they cannot conveniently walk with 
it; or if they could, the Planks over which they go, or Ladders which they 


muſt climb, could not ſupport them and the Weight; then an Engine muſt 


be uſed (as for Example, a Crane) where one Man ſhall do the Work of 
10 or 20 Men, but he ſhall be 10 or 20 times longer in performing it. Yet 
the Engine is abſolutely neceſſary, becauſe without it the Work could not 
be done; therefore a ſufficient Time muſt be employ'd, without which a 

reat Strength would be of no uſe. Thus likewiſe in Building we muſt uſe 
3 to raiſe great Stones and large Pieces of Timber, where ſo much 
more Time is employ*d according as the Force of the Men working at the 
Engine is leſs than the Force that would be requir'd to raiſe the Stone if 
the Hands were applied directly to it, but then the Engine takes up leſs 
room, and the reſt of the Men may be otherwiſe employ'd. In draining 
Mines we are always confin*d in Time, becauſe the ſubterraneous Springs 
ſupply the Water whilſt a Force is employ'd to draw it out; and in ſuch a 
Caſe the Power (that is, the Intenſity of it) mult be ſuperior to the Quanti- 
ty of Water to be rais'd in a certain Time; that is, the Power muſt be a- 


ble, without any Engine, to draw from the Bottom to the Top of the Pit 


(ſuppoſe an Horſe drawing up a Bucket faſten'd to a Rope that runs over 
a ſingle Roller) a Weight greater than the Weight of the Quantity of Wa- 
ter that runs in, during the Time that the Power goes through a Space e- 

ual to the Depth of the Pit. Engines are applied for the Conveniency of 
eng the Water, and not to gain any Degree of Force; for we always 
loſe fome——So much as is employ'd to move the Parts of the Engine, 
which cannot be apply*d to one another without a Friction that ſpends 
ſome of the Power ; ſo that the beſt Engine is that which conſiſts of the 


* feweſt Parts*. And he that by Machinery pretends to gain by bringing 


up a greater Weight, or a larger Veſſel] of Water with the ſame Power, 
does not conſider, that it will riſe fo much the flower, and give Time to 


the Springs to ſupply more Water in proportion; or if, by adding any Part 


to the Engine, the Power (as for Example, an Horſe or Horſes) is made 
to go eaſier, then leſs Water will be rais*d at a Time. This fhou'd give a 
caution to thoſe that have any Concerns in Mines, Water-works, Mills, or 


other Manufactures; that they might not be impos'd u 6 1by Engine-makers, 


the? pretend to (and often fancy they can) by ſome new invented Engine 
out-do all others, and make one Horſe do as much as three or four, 
This proceeds from their being unſkilPd in Mechenical Principles, the 

* Know- 


*- All that relates to raiſe Water ali be particularly conſider d, when wwe come to treat 
#f Hyaroftatics. 
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Knowledge of which would keep them from attempting Impoſſibilities. It Annotat. 
were to be wiſh'd that our Engine-makers, who often abound with Inven- Lect. II. 
tion, and are generally quite ignorant of Mathematics, wou'd apply then 


ſelves to that Science; at leaſt to know ſo much as wou'd direct them in 
their Works; or that ſome of our beſt Mathematicians wou'd not think it 
| below them to direct Workmen, and conſider Engines a little more than 
they do, which wou'd render their Speculations more uſeful to Mankind. 
There are ſome, who, being too clumſy, and wanting a nice Hand to 
make Experiments, are unwilling to own it, and therefore ridicule and de- 
ſpiſe Mechanical Performances; forgetting that the incomparable Sir Iſaac 
Newton, whom They with all other Philolophers admire, has made as many 
as (if not more Experiments than) any Man living; and look'd upon Ge- 
ometry as no farther uſeful than as it directs us how to make Experiments and 
Obſervations, and draw Conſequences from them when made; fo that the 
Improvement of Philoſophy muſt be the Reſult of mix'd Mathematics, 
that is, of Mechanics and Geometry. A Man that ſhou*d learn to fence by 
Book, wou*d he as much at a loſs if he was calPd to fight, as another that 


ſhou'd prefer brutal Courage to the whole Art of Fencing ; only with this 


Difference, that the latter wou'd be much more likely to kill his Adverſary 
as Men quite illiterate have often produc*d wonderful Engines. The Ma- 
chine at Marly, which was made by an ordinary Man of Liege, who was en- 
tirely ignorant in Mathematics, has a great many excellent Contrivances 
but does not raiſe all the Water that it ſhou*d do, becauſe the Workman 
did not know how to calculate, ſo as to give the Power of the River Seine 
its utmoſt Advantage. | | 

When great Works or Manufactures are carried on in ſuch a Manner that 
2 great Part of the Intenſity of the Power is uſeleſly ſpent, and but little 
of it employ'd in doing real Services; as for example, when there are un- 
neceſſary Frictions ariſing from the ill Contrivance of the whole Engine or 
the wrong Figure of ſome of its Parts, or the bad Performance of the 
Workman; or if Men or Horſes, Sc. exert but a ſmall part of that Strength 


which they might apply without Wearineſs or Inconveniency : Then the 


Skill of a good Engineer may be advantageouſly applied in changing the 
Form or altering the Parts and Motions of a Machine. An Inſtance of 
this may be ſeen in the winding of Thread or Silk, in which Buſineſs if 
50 Men being employ*d they ſhould only move a Weight or overcome a 
Reſiſtance equal to half a Pound, as they carry their Hand round (where- 
as one Man can eaſily raiſe 25 Pound, with the ſame Velocity as his Hand 
moves during the Space of 10 Hours in a Day) a Machine may be con- 
triv*d whereby one Man applying his whole Strength ſhall do the Work of 
the fifty Men in the ſame Time, Thus in any other Caſe, Machines may 
afford us great Profit, by rendering effectual that Force or Intenſity of the 
Power or Powers, which was before miſapply'd or not employ'd at all. 
This has been perform'd at Derby in a very ingenious Manner by Meſſieurs 
Thomas and John Lombe, who have employ'd the Force of a Water-Wheel 
f the working of 1talian Silk, fo as to loſe or miſpend no Part of the 

ower, Dy 5s As 
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As the Proprietors of this curious Machine are not willing to have a De- 
ſcrĩption of the whole Engine or any of the Movements of it made pub- 


Ick, I ſhall only here give the general Account of it, viz. That there are 


* Polior. 
Fig. 3. 
Dial. 4. 
+ Pl: 6. 
Fig. 1. 


26 586 Wheels. 
97 746 Movements. ED 
73 728 Yards of Silk wound every time the Wheel goes round, which 
is three Times every Minute, | 
348 504 960 Yards of Silk in one Day and Night, and conſequently 
99 373 547 550 Zards of Silk in one Tear, 


One Water-Wheel communicates Motion to all the reſt of the Wheels and 
Movements, of which any on? may be ſtopp'd ſeparately and independent on the 
reſt. One Fire-Engine conveys Air to every individual Part of the Machine, 
and one Regulation governs the whole Work. 5 | 


7. [17.— Scorpions, &c. give a ſufficient Velocity, &c.] Scorpions were 
Machines to throw Arrows, Fire-Balls, or great Stones. A Deſcription of 
them may be found in Vitruvius and the above-mention'd Ligſius *, from 
whom I have taken the Figures repreſented in Plate 6. The 11t Figure re- 
preſents one of theſe Machines charg'd. The Point A of. the longeſt Bra- 
chium AC, which in the natural Situation is Kept uppermoſt by the Boxes 


of Stones or Weights BB, having been. brought down to A (by the Rope 


RR and Loop 2, drawn by help of the Wheel W, and Pinion at I, round 
the Rollers M and L) is kept from riſing up again by the Pin HH, made 
a little taper. Then the Loop à being taken off from A, and the Sling S 
being charg'd with the Ball or Stone T, the Scorpion is ready to be dif- 
charg'd; which is done by a ſmart Blow of an Hammer on the End H 2 


of the Pin, or a ſudden drawing it out with a Rope; for then A being no 


longer kept down, riſes with great Velocity by the Deſcent of the Weights 
BB, and one of the Loops of the Sling ſhipping off of the Point A, made 
conical for that purpoſe, the Stone flies out as repreſented in the ſecond Fi- 


gure, which is another Scorpion little differing from the former. All the 
Difference is, that in this laſt Figure, as the diſcharging End A is nearer 


to the Axis of Motion D D, than the ſame End in the former Figure, the 
Pulley * L is applied in ſuch a manner, as to cauſe the Handle I of the Pi- 
pion leading the Wheel W, to move as eaſy again as in the former Caſe: 
And as to the Effect, ſuppoſing the Weights BB equal in both Scorpions; 
the latter will throw a Ball of greater Weight, but th-n it will have leſs Ve- 
locity than the former Projectile. In both Caſes the Scorpion turns upon the 
Pivot C, and the whole Frame H I round the upright Shaft C c, that the 
Machine may be directed any way. The Hook H in the ſecond Figure 
does the Office of the Pin H in the firſt - 


However powerful theſæe Machines were, and however numerous, they are 


not to be compared wich a Battery of Cannon, either for Force or Expedi- 


tion. Biſhop //i/k/zs had not preferi*d them to our Artillery, as ſome 
; others 


ng 
1 LS 
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others have done, if he had examin'd them leſs ſuperficially, and calculated 
their Force. | | 

To prove this, we will here conſider the Force of one of theſe Scorpions, 
even ſuppoſing it much larger than cou'd conveniently be carried about; (for 
that they were portable, appears from the Account that Cæſar had great 
Numbers of them in his Camp) and we fhall ſee how much ſhort it will fall 
of the Force of a Cannon. . | | | 

Let * AD the Tail of the Scorpion, or the End that throws the Stone 
or Bullet, be ſuppoſed 24 Foot long; and the ſhorter Brachia D B. which 
carry the Boxes B B, 8 Foot long each. When the Boxes are fill'd with 
Stones ſo as to weigh, for example, 1000 Pound each, and the Tail brought 
down to A, in order to throw the Stone T; the utmoſt Velocity that can 
be given tO it can never exceed 96 Feet in a Second, becauſe the Weights 
at B cannot fall faſter than 16 Feet in a Second, tho* they ſhou*d not move 
the Machine in their Deſcent. But as we may reaſonably ſuppoſe that 
throwing up the End A loaded with the Projectile T, muſt retard them one 
half, it will follow that the Body T will be thrown forward only at the Rate 
of 48 Feet in a Second, which is about 24 times ſlower than the Motion of a 
Cannon Ball ; and therefore the Effect of the Scorpion will be 24 times leſs than 


that of a Cannon throwing a Ball of the ſame Weight. Beſides, there muſt be 


more Men to manage the Machine, and a great deal more Time ſpent in draw- 
ing down A by means of the Wheel W, than in charging a Cannon: for if we 
ſuppoſe the Force requir*d to raiſe the Boxes loaded with Stones, and to over- 
come the Friction, to be equal only to 2500 Pound, and the Engineer who 
turns the Handle at I to move his Hand thro? a Space of 3+ Feet in a Second 
(which is the utmoſt he can do) if the Force he applies be equal to 25 
Pounds, he muſt ſpend 7,6. Minutes, or above + of an Hour, to carry the 
Handle thro* a Space of 1600 Feet, in order to raiſe the Boxes 16 Feet in 
Heighth : This, beſides the Time ſpent to put in the Pin H and to fit the 
Stone T into the Sling S, will ſo retard the Operation, that the Scorpion 
cannot diſcharge its Projectile above 6 times in an Hour, whereas a Cannon 
may be fired with great Eaſe twice as many times in an Hour. | 

Now if we conſider how much ſuch a Scorpion as we have deſcrib'd muſt 
weigh, it will appear more troubleſome to carry than a Cannon. The upright 
Shaft C muſt be 30 Foot long; and that it may have ſufficient Strength, we 
will ſuppoſe it of 134 Inches in Diameter, which will make it contain 30 eu- 
bic Feet of Timber, which if of Oak will weigh about 30 Pound a Foot; 
let the Body and Tail of the Scorpion ABB with the Boxes B B, contain 
40 Foot more of the ſame Timber; the Frame KH 60 Foot, and the Wheel 
W with the Pinion on the Handle I, the Pulleys, Ropes and Iron-work of 
the Machine weigh as much as 60 cubic Feet more of Oak : All this toge- 
ther will make 190 cubic Feet, which multiplied by 5o Pound will give 9500 
Pound, a Weight which will render the Machine very inconvenient, even 
tho? it be taken to pieces. We may therefore ſuppoſe the Scorpions much 


leſs than what I have deſcrib'd : So that there can be no Compariſon be- 


tween their Effect and that of our Artillery, Whoever will be at the pains 
YoL: 1 1 * bo of 
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* Plate 6. 
Fig. 1. 
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Annotat. of calculating the Force of any other of the Machines uſed by the Ancients, 
Le&. II. will find that they fall very ſhort of the Effects of Gunpowder: Eſpecially 
wy if we conſider what Force it exerts in the ſpringing of a Mine, whereby 
| prodigious Rocks are rent in pieces, and ſuch Quantities of Earth and ſtrong. 
Walls lifted up, that all the Machines made uſe of in a Roman Army, if 
they cou'd be apply*d at once to one Part of a Fortification, wou'd produce 
nothing like this new Invention of a portable Powder, which contains ſuch 
an immenſe Force in fo ſmall a Compals. : 
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| | 8. [21.—Line of Direction, c. endeavours to af.) Though an heavy 
| M. » Body as A *, may by a Force or Forces impreſs'd upon it, be made to * 
[ | Fig. 1 move in any Direction, yet (as it always retains its Tendency towards the © 
Center of the Earth, which, if no Obſtacle hinder*d, would carry it the | 
neareſt Way) its natural Line of Direction always goes thro? the Center of 
the Earth; and if, whilit the Body is going down by its own Gravity, it be 
hinder'd by one or more inclin*d Planes, as BG, GD, and carried down 
afterwards in a Curve (46) in its Deſcent on account of the Alteration of 
the Direction of its Motion, or carried up again along another Plane as DE; 
we are not to call the Line 12346, or 12345 which it deſcribes, its Line 


of Direction; but when the Body comes from the Point 1 ſucceſſively to ] 
the Points 2, 2, 4, its Lines of Direction are 1 c, 2c, 3c, 4c, which are k 
all directed to the Center of the Earth, and by reaſon of their great Diſtance s 
from it, may be conſider'd as parallel, or indeed as one and the ſame ; 
Line. 

Now the Line of Direction of a Power varies according to the Applica- f 
tion of the Power, whatever Line the Body acted upon moves in. Thus | 
„l in when the heavy Body A“ (whoſe Line of Direction is c C) ſuſpended by a l 
Fig. =y Rope, is held by the Hand at N, the Line of Direction of the Power is 1 
| the ſame with that of the Weight; but if the Rope be brought over tge 1 
Pulley B, the Lines of Direction of the Power may be any of the Lines p 
| BG, BF, BE, BD, whilſt the Line of Direction of the Weight ſtill con- = 8 

I 7 tinues the ſame. Nay, if the Body A *, being ated upon by the Power | 
Fig. 3. at I, be made to move in the Line c D, along the Plane MB, D is not EB; 0 
; the Direction of the Power, but AI. And if the ſaid Body be raiſed from E BB : 
4 to F by means of the Wedge K FL drawn under it {whilſt a Board or im- I, 
1 moveable Plane at H G keeps it from going out of the Line EF) the Line J 
; of Direction of the Power will be LB: But if the Body having been placddd © 1 
at K upon the horizontal Plane L, the Wedge or inclin'd Plane F be ſuppos di 4 
immoveable, and the Plane HG, to move from K to G, and to puſh up 41. 
the Body in the Line KG, then does the Power acting in the Line of Di- 0 
rect ion K G cauſe the heavy Body to rife the Height EF, whether it moves ; 4 
in the Line KG or directly up in the Line EF to get that Height, 00 
Hence it follows that the Velocity of a Power 1s not to be conſider'd in th 
the ſame Manner as the Velocity of a Weight, (unleſs when a Power aſ- * 
cends or deſcends directly from or towards the Center of the Earth ;) for E be 
the Velocity of a Power is the Space that goes through in a certain Time, FE% 


which 
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which may be greater or leſs to perform the ſame Operation, according to 
the manner in which it is applied; as the Power B * moves only the 
Length LK, when it raiſes the Weight up through the Line E F, by draw- 
ing the Wedge LE K through EF ; but if it puſhes it up along F K ſup- 
os'd immoveable, it muſt move the whole Length of the Hypotenuſe F K 
of the Triangle LFK. But whether the Weight riſes from K or from E 
do the Point F, its Velocity muſt only be call'd EF, becauſe whatever Line 
it runs thro?, it only riſes or removes farther from the Center of the Earth 
the Height EF. So likewile the Velocity of A“ is only the Line r c, when 
the Body runs thro* a much longer Space, namely from 1 to 6 through the 
Points 2, 3, 4 along the Planes BF, GD. Therefore the Velocity of a Weight 
is always 10 be meaſur d by the Line of its upright Aſcent or downright Deſcent, 


75 
Annotat. 
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— nnd 
* Plate 7. 


Iig 3 


* Plate 7. 
Fig. 1. 


which ſhews how much it is got nearer to or farther from the Center of the Earth. 


Ie are to obſerve, that this Definition relates chiefly to that Part of Mecha- 
nics which conſiders the Actions of Bodies upon one another by the Application 
of Inſtruments. 


9. [27— A Method for finding the Center of Gravity, &c. mechanically] 


Tfa Board, of equal thickneſs all over, be laid upon the Edge of a Trian- 
gular Priſm Pp *, or upon the ſharp Edge of any ſtreight Body placed in 

an horizontal Situation, ſo as to be zz Aquilibrio; whatever Bodies are laid 

upon ſuch a Board in ſuch a manner that they do not alter its /Zquilibrium, 

muſt have one Plane of Gravity (that is, a Plane in which their Center of 

Gravity is) directly over the Edge which ſupports the Board. Another 

Poſition of the Body, if the /Zquilibrium be ſtill preſerv'd, will give ano- 

ther Plane of Gravity, the Section of which Plane will give an Axis of Gra- 

vity, or a Line which has the Center of Gravity in it. A third Poſition 

of the Body may be obtain'd ſo as to find a third Plane of Gravity, which 
| ſhall cut the other two at right Angles, or any large Angle, and the Inter- 
ſection of the three Planes will give the very Point which is the Center of 
Gravity. If the Body, whoſe Center of Gravity you would have, be long 
and flexible, ſo as not to lie acroſs upon the Board above-mention'd, a 
ſecond Board muſt be laid upon the firſt with a Pin in its Center, fo that it 
may turn quite round without altering the Ægquilibrium; and then long Bodies 
laid upon this laſt Board may eaſily be mov*d on the Board, ſo as to find their 
different Planes of Gravity. Thus one may find the Center of Gravity of an hu- 
man Body, or of any Animal. In relation to the human Body, it is obſervable, 
that whether a Man be fat or lean (nay, in a Skeleton) the Center of Gravity is 
always near the ſame Place, viz. in the Pelvis; between the Hips, the 
O Pubis, and the lower part of the Back-bone. Raiſing up the Arms 
and Legs will raiſe up the Center of Gravity a little; but ſtill it is always 
fo plac'd that the Limbs move freely round it, the Center of Gravity at 
the ſame time moving much leſs than if it was in any other Part of the 
Body. A Statue, though it repreſents a Man, has not its Center of Gra- 
vity in the ſame Place as a Man; for if it be hollow, the Hollows are not 
in the ſame Places as in a Man's Body, and the Center of Gravity in a 
| ſolid 


* Plate 7. 
Fig 4. & 5% 


Plate 7. 
Fig. 4. & 5. 
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ſolid naked Statue is higher than in a Man. I mention this, becauſe in ſet- 
ting up a Statue, and fixing it (eſpecially in a Place expoſed to the Wind) 


great regard is to be had to place the Center of Gravity over the middle of 


the Baſe; or, if the Attitude of the Statue does not permit it, then the 


Statue is to be ſecur'd moſt ſtrongly on that Side which is fartheſt from the 
Center of Gravity. | | 

Mathematicians, in order to fettle Rules for finding the Center of Gravi- 
ty of Bodies, firſt give Methods for finding the Center of Gravity of 2 or 
more Lines, then of the Periphery of Figures, then of Planes; for. tho? 
Lines and Surfaces do not exiſt ſeparate from Bodies, yet they conſider 
Lines as ſlender homogeneous Bodies, and Planes as extremely thin Solids ; 
and, from that Conſideration, more regularly proceed to find the Center of 
Gravity of Solids. Dr. Wallis has fully treated of this Subject in his Me- 
chanics, in his Chapter de Inveſtigatione Centri Gravitatis, and Monſ. 
Ozanam in the third Chapter of his Szatics, in the. fourth Volume of his 
Courſe of Mathematics, | | | | 

I ſhall give here ſome of the moſt eaſy and uſeful Methods, and muſt 
refer the more curious Readers to the Authors above-mention'd, and other 
Mathematicians that have particularly conſider'd the Center of Gravity. 

If a Line be conſider'd as an homogeneous. Wire infinitely diminiſh'd, 
its Center of Gravity will be in its middle Point ; as the Point I in the 
Line AB *. Let there be another Line as CD Fin any Poſition in reſpect 
of AB; then if from the Center of Gravity I of A B, a Line (ſuppoſed 
without Gravity) be drawn to K, the Center of Gravity of CD, you will 
have their common Center of Gravity at G by this Analogy, 

ABCD: CD:: KI: IG. 
And if the ſecond Line had been leſs than A B, as for Example, if F E 
had been taken inſtead of CD, the common Center of Gravity would 
have been at H ; becauſe AB ＋ FE: FE: : KI: IH. 

If there be three Lines (whether they include a Space, ſo as to make 
the Periphery of a Triangle, or not) their common Center of Gravity may 
be found after the ſame manner as that of three Bodies *. So likewile 
may be found that of 4 or more Lines, and conſequently of Polygons. 

It is to be obſerv'd that the Center of Gravity of plane Surfaces is not 


the ſame as the Center of Gravity of their Peripheries, unleſs when they 


are regular. Thus in the Triangle * A B C, which is not equilateral, the 
Center of Gravity of the Periphery will be found at H, nearer to the An- 
gle B than I], which is the Center of Gravity of the Triangle. For 
(by 39.) D and E being the Centers of Gravity of the two Lines A B and 
BC, F is found to be their common Center of Gravity, and H the com- 
mon Center of Gravity of the three Lines A B, B C, and CA. 

To find the Center of Gravity of a Triangle, draw a Line from the 


middle of any Side to its oppoſite Angle as GB: Let G I be taken = + 
of the ſaid Line, and the Point I will be the Center of Gravity of the 


Triangle. Now as every rectilineal Figure may be divided into Triangles, 
the-common Center of all the Triangles will be the Center of Gravity of 


the Figure. | ":. mn 
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Let AB and CD be two Quantities (whether Surfaces or Solids) Annotat. 
whoſe particular Centers of Gravity are at F and G, the Center of Gra- Lect. II. 


vity of their Sum, or of AD, will be at + E; but if you would have the 


Center of Gravity of the Difference of two Quantities, their particular Cen- ; 


ters of Gravity being known, (as for Example, the Center of Gravity of 
CD, which is the Difference of the two Quantities A B and A D, whoſe 
particular Centers of Gravity are Fand E ;) draw FE, and produce that 
Line towards G, and you will find the Point G the Center of Gravity re- 
quir*d, by this Analogy C D: AB:: FE: EG. That is, As the Diffe- 
rence is to the leaſt Quantity; ſo is the Line FE: to the Line E G, or the 
Length of the Production of the Line FE. | | 

The Center of Gravity of a Cone is in its Axis, at the diſtance of one 
fourth Parth from the Baſe ; as for Example, in the Cone AB C'*®, whoſe 
Axis is DC, the Center of Gravity will be at F, FD being equal to 


DE. 


—_— But in a Conic Surface the Center of Gravity will be diſtant from the 


. 5 ; DC 
Baſe + of the Axis; that is, D F will be equal to _— 


If ABIK be a truncated Cone, to find its Center of Gravity, let the 
Cone be compleated, which will then be A CB; then having found the 
Center of Gravity of the Cone A B C (namely, the Point F) and the 
Center of Gravity of the Cone I C K (which is the Point E) join thoſe 
Centers together by the Line FE; then conſidering that ABKI is the 


Difference of the two Quantities AC B and I C K, you will find its Cen- 


ter of Gravity by the Rule above-mention'd, which will be at G; for 
ABIK:IKC:: EF FAX f | 185 
If a Bucket be made of Copper, Tin, or Wood, in the ſhape of a trun- 
cated Cone, the Center of Gravity of ſuch a Veſſel] will not be in the ſame 
Place when it is empty as when the ſaid Veſſel is full ; which Confidera- 
tion is uſeful in ſeveral Caſes of Mechanics in general, and Hydraulics in 
particular. For by that means Veſſels made of the Shape above-mention- 
ed, which being ſuſpended and moveable upon Pins or an Axis (paſſing 
between the Center of Gravity of the empty and the Center of Gravity of 
the full Veſſel) ſhall turn with the Bottom upwards when empty, will be 
drawn directly up with the Bottom downwards when full; or on the con- 
trary have their Mouth upwards when empty, and turn over and empty 
themſelves as ſoon as they are quite full. ; | 

Let AB E D* be the Section of a truncated hollow Conic Veſlel, whoſe 
Mouth is A D. Its Center of Gravity by the Rules above-mention'd will 
be found to be at c; but becauſe the Bottom or Bottom-plate BE is of 
ſome weight, the Center of Gravity will be brought down to C. The 
Center of Gravity of the full Veſſel (which will be a ſolid truncated Cone) 
will be at K. If therefore the Axis of Suſpenſion be placed between thoſe 
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— =mnn 
Plate 7. 
Fig. 8. 

＋ 39. 


* Plate 7. 


Fig. 9. 


* Plate 7. 
Fig. 10. 


two Centers, as at O, [Fig. 11.] * ſuch a Veſſel when empty may be drawn = Plate 7. 
up and down hanging with the Mouth downwards, but come up when full, Fig. 11. 


with the Mouth upwards, This is of uſe in a Chain of Buckets going 
oy | | round 


= 


\ 
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Annotat. round an Axis or Rag-wheel to draw Water from a Depth and deliver it 
in a Trough above. | 
But if 2 bed be ſuch a Veſſel, only with this Difference, that the Bot- 
tom is fix*d to the narrow Parte d, and the Mouth is at 2 ; the Center 
of Gravity of the empty Veſſel (without conſidering the Bottom) is at c; 
but by the Weight of the Bottom brought to C, the Center of Glavity 


Leck. II. 
— 


Plate 7. 
Fig. 12. 


Plate 7. 
Fig. 13. 


Plate 7. 
Fig. 14. 


of the full Veſſel will be at K. 


If ſuch a Veſſel be ſuſpended between 


thoſe Centers, as at O (Fig. 13.) it will continue with the Mouth upwards 
when empty; but turn over, as ſoon as it is full. 
uſe to raiſe Water by a Machine made with a couple of Buckets fi x'd to a 
eam which moves upon a Center unequally diſtant from its Ends, in ſuch 
manner that a Bucket fix*d to the ſhorter Brachium raiſes up a Bucket at the 
other End, ſo as to make it empty its Water in a Ciſtern above. — But a 
ſhort Deſcription and Figure will make the Thing more plain. 


AA, are the two Spouts running from a Brook or Spring of Water into 
the two Buckets D and E, D containing about 30 Gallons, and being call'd 


Such a Bucket may be of 


the lo/ing Bucket; and E, the gaining Bucket, containing leſs than a quarter 
part of D; as for example, 6 Gallons. | 
DE is a Leaver or Beam moveable about the Axis or Center C; which 
is ſupported by the Pieces F F, between which the Bucket D can deſcend 
when the contrary Bucket E is rais'd up. DC is to CE, as 1 to 4. 

GL is an upright Piece, through the Top of which the Leaver K I moves 


about the Center L, ſometimes reſting on the Prop H, and ſometimes raif- 


ed from it by the Preſſure of the Arm CE on the End I. 


Plate 7. 
Fig. 15. 


above-mentioned. The End D with its Buc 


The Bucket D, when empty, has its Mouth u 


wards, being ſuſpended as 
et is alſo lighter than the 


End with the Bucket E, when both are empty. By reaſon of the different 
Bore of the Spouts, D is fill'd almoſt as ſoon as E, and immediately pre- 
ponderating, ſinks down to D, (Fig. 15.) and thereby raiſes the contrary 
End of the Laver and its Bucket E up to the Ciſtern M, where it diſ- 
charges its Water; but immediately the Bucket D becoming full, pours out 
its Water, and the End of the Leaver E comes down again into its horizontal 
Situation, and ſtriking upon the End I of the loaded Leaver I K, raiſes the 
Weight K, by which means the Force of its Blow 1s broke. If the Diſtance 
A B, or Fall of the Water be about ſix Foot, this Machine will raiſe the Wa- 
ter into the Ciſtern M 24 Foot high. Such a Machine is very ſimple, and 
may be made in any Proportionaccording to the Fallof the Water, the Quan- 
tity allowed to be waſted, and the Height to which the Water muſt be raiſed. 
„Some Years ago a Gentleman ſhew'd me a Model of ſuch an En- 


K 


cc 
ce 


gine, varying ſomething from this, but fo contriv'd as to ſtop the run- 
ning of the Water at A, A, when the Leaver DE began to move. 
According to this, he told me that he had fet up an Engine in Ireland 
which raiſed about half a Hogſhead of Water in a Minute 40 Foot high, 
and did not coſt 40 Shillings a Year to keep in Repair; and that it was 


not very expenſive to ſet it up at firſt, 


10, [ 30, 
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10. [30. —— A Windmill muſt be ſupported, 8c. and a Crane.) This is Annotat. 
not ſtrictly true in Practice; becauſe a Regard is to be had to the Force Lect. II. 
with which the Wind puſhes the whole Windmill back with part of it 
Preſſure, whilſt it turns the Sails with the reſt 3 and therefore the Line of 
Direction paſling through the Center of Gravity, muſt fall before the Axis of 
the Poſt nearer the Sails. Likewiſe in a Crane (I mean ſuch a one as whol- 
ly turns round with the Weight) regard is to be had to the Weight which 
is to be lifted by it ; and the Center of Gravity of the Crane placed ſo much 
back from the Weight, that the Line of Direction may only paſs through 
the Middle of the Shaft, when the Weight (which brings the Center of 
Gravity forward) is hanging upon the Crane. 1 }E 


11. [32. The Center of Gravity will remain at reſt, &c.] See Sir 
Iſaac Newton's Principia, Corol. 4th, of the Laws of Motion, 2d Edition 


Page 17. 


12, 37. — Demonſtrated in the Notes.] Let the Spindle or double Cone 

of Plate 4. Fig. 14. be repreſented here ſeen endwiſe (Plate 8. Fig. 1.) AF Plate 4. 
is one of the riſing Rulers upon which the Body is to roll, A G the hori- Fig. 4. 
zontal Line, B the Vertex of one of the Cones. Let F G the lower part Plate 8. 
of the Screw S be made equal to e E, which is ſomewhat leſs than the Se- Fig: 1. 

midiameter of the common Baſe of the two Cones z or (which is the ſame 
thing) let E F be another horizontal Line paſſing a little under B the Axis 
of the Cones, and B F will be the Way of the Center of Gravity of the 

Body, which Line having a Declivity towards S, the Center of- Gravity of 
the Body muſt deſcend ; and conſequently bring the Body along, more or 
leſs ſwiftly, as that Declivity is quicker or ſlower, 

The Cylinder of Figure 1 5. Plate 4. is made of light Wood, with a ſmall plate 4 
Cylinder of Lead at K, going quite through it near the curve Surface, and Fig. 15. 
parallel to the Axis of the great Cylinder, to the intent that the Center of 
Gravity of the compound Body may be remov*d from the Axis M mto 
the Line KO; and then the Cylinder muſt be fo laid on the inclin'd Plane 
AC, that the Center of Gravity of the ſaid Cylinder may deſcend whillt it 
is rolling towards R, which will make it go up the Plane till the Center of 
Gravity is fallen as low as it can: Suppoſing always a String fix*d to the 
upper part of the Plane, and going round the Cylinder, to keep it from ſli- 
ding when the Plane is not horizontal, as in the Figure, | 

As the Length of the Cylinder does no way relate to its riſing on, or 
being ſupported by, the inclin*d Plane; in conſidering the Motion of the 
Cylinder on the Plane differently poſited, we ſhall in the ſecond Figure of 
Plate 8, only conſider the Sections of the Cylinder, Plane, and Horizon, plates 
PTA is the Section of the Wooden Cylinder, C A chat of the leaden Fig. 2. 
one, C the Center of Gravity, Mi the Center of Magnitude, and P Q the 
S<ction of the Plane at firſt ſuppoſed horizontal. 

[ ſay. frft, If Pa be taken upon PQ equal to P T A, the half Cir- 
cum:erence of the Cylinder, the Point. 4 will be the fartheſt Place to which 
the Cylinder will ro!l, 5 = When 
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When the Diameter PA going thro' the Center of Gravity C is per- 
pendicular to the horizontal Plane, as in the Figure, the Cylinder will ſtand 
till, becauſe the Centre of Gravity is directly over the Center of Mo- 
tion at P*; but as ſoon as C 1s ever ſo little inclin'd towards Q, the 
Body will roll till the Point A comes to a, deſcribing the Semi-Cycloid A a, 
whilit all the Points of the Semicircle apply themſelves ſucceſſively to the 
Line Pa, which is the Baſe of the Cycloid. That the Cylinder will go quite 
to a, is evident by obſerving Cc the way of the Center of Gravity, which 
is not in its loweſt Place till it is come to c, and muſt afterwards riſe to- 
wards x, if the Body roll'd on farther : and therefore if by the Velocity 
acquir'd the Body ſhould go on towards Q the Center of Gravity in go- 
ing down again from , will bring back the Body to a; the Diameter PA 
being again perpendicular to the Horizon, but in the inverted Poſition a p. 
. Its | wa 

I fay ſecondly, that if the Plane be inclin'd to the Horizon in any An- 
gle, whoſe right Sine is equal to MC the Diſtance of the Centre of Magni- 
tude from the Center of Gravity, the Semidiameter of the Cylinder being 
Radius; the Cylinder laid upon ſuch a Plane will neither aſcend or deſcend 


when the Center of Gravity is directly over the Point T, where the Cy- 


linder touches the Plane, provided it be kept from ſliding by a String go- 
ing under it *, in the manner repreſented in the 15 Fig. of Plate 4, 

Turn the Cylinder till the Center of Gravity 1s at K in the ſame ho- 
rizontal Line with the Center of Magaitude ; or (which is the ſame thing) 
till the Semidiameter M A becomes M; from K drop the Perpendicu- 
lar K T, which cuts the Circle at T; and draw the Radius M T, to 
which the Plane Il being made perpendicular, you will have the Angle 
DQ made by the Plane with the Horizon, equal to the Angle M I K, 
whoſe Sine is M K equal to M C. For by producing Ma to L, it is evident 
(by 8. 6. of Eucl.) that the Angle MIT K K LT, but (by 29. 1. Eucl.) 
&LI=LDQ. | 

In this Situation it is evident by Conſtruction, that the Center of Gra- 
vity cannot deſcend, becauſe the Line of Direction is ſupported at T“, 
where the Plane touches the Cylinder. | 

For if the Body was roll'd up any higher on the Plane to bring K to- 
wards r, T the touching Point would advance faſter towards x than K does, 
and therefore the Line of Direction would cut the Plane below T towards 
D, fo that the Center of Gravity would deſcend and bring back the Cy- 


linder to bear on T. The other way the Body would roll down, upon 
moving K ever ſo little towards D, the Line of Direction then advancing 


faſter towards D than the Point of Contact T. This may be made plainer, by 
conſidering the Cylinder as a Balance; as for Example, if Mo be a Balance, 
ſuſtaining on its End M a Weight, equal to the Weight of the Cylinder 
without the Lead, and on the other End w, a Weight equal to the Exceſs 
of Weight of the Lead, above the Bulk of Wood whole room it takes 
up. Let K be their common Center of Gravity, found as has been 
taught“: Then conſidering K T as an inflexible perpendicular Prop, ſui- 

| | | OE, taining 


7 
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taining the Balance at K, the Balance will continue in A9ui/ibrio, whilſt Annotat. 
the Prop is ſupported by bearing on T, the Place where the Plane touches Lect. II. 
the Cylinder. If the Plane ſhould make a greater Angle with the Horizon 


the Point T being remov*d farther towards L, it would be the ſame, as if 
the Prop ſhould endeavour to ſupport the Balance between K and w, in 
which Caſe the Weight M wou'd preponderate, and carry the whole Cy- 
linder towards P ; but if the Plane makes a leſs Angle with the Horizon, 
T will go towards D, and the Balance then being propp*d between K and 
M, the Weight at w will proponderate, and carry the Cylinder towards L. 


2. E. D. 
c % ‚ 0 r. q 


Hence follows alſo, that there muſt be an Angle 4 D Qleſs than DQ. 
which will be the Inclination of the Plane, on which the Cylinder above- 
mention*d can roll to its greateſt Height on the Plane. For if the Angle 
D bediminiſh'd a little, the Cylinder will roll towards æ going upwards; 
and if the Plane D Q be rais'd a little, fo as to make a ſmall Angle with 
the Horizon, the Cylinder will riſe on that Plane, tho' it will not roll fo 


far upon it as in the horizontal Situation. If this Angle be increaſed, the 


Cylinder will riſe higher, as its Way on the Plane ſhortens, but not be- 
yond a certain number of Degrees of Elevation, at which Elevation the 
Cylinder will go no higher above the Horizon, tho' its Way meafured on 
the Plane will continually ſhorten: till it is contracted to a Point when 


the Inclination is in the Angles DQ. Likewiſe as the Angle D Q (by. 


lowering the Plane D round the Center) diminiſhes, the Cylinder will go 
higher as it rolls farther on the Plane, till the Angle is diminiſhed to a 
certain number of Degrees, after which the Cylinder will riſe lefs z but its 
Way meaſured on the Plane will increaſe, till the Plane comes to be hori- 
zontal. Therefore there is an Angle of the Plane 4 DQ, which is a 

Maximum, as to the riſe of the Cylinder on the Plane. 
I fay, Thirdly, that the Inclination of the Plane being given on which 


the Cylinder will riſe to the greateſt Height (or any other Inclination of a Plate 


Sr 


Plane on which it can riſe at all) the length which the Cylinder will go on Fis 3: 


the Plane will be equal to the length Tv=T V, which is equal to half 
the Circumference minus the Arc A V, which Arc A V contains twice the 


number of Degrees of the Plane's Inclination, together with the Degrees 


of twice the Difference of the Angle at the Center of two rectangular 
Triangles, which have M N the Sine of Inclination for Radius, but their 
Secants are M R the Semidiameter of the Cylinder, and M C the Diſtance 
of the Center of Gravity from M the Center of the Cylinder. Moreover, 
T being the length of the Cylinder*s Progreſſion on the Plane, the 
Height of the Plane at v, viz, the Perpendicular v Z, will be the Cylinder's 


riſe above the Horizontal Line. : 
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Annotat. . 

Lect. II. | | 55 EE 

— PQ is the Horizon and Pg the Plane of given Inclination. Since P g 
cuts the Circle PV A, the Cylinder cannot riſe upon it, therefore we muſt 
take another Plane parallel to it. The Diameter P G being drawn perpen- 
dicular to the Horizon, and R T thro* the Center of Gravity C or S pa- 
rallel to PG, draw the Diameter T A, making the Angle PM T equal to 
the Inclination of the Plane, and draw IT * perpendicular to that Diameter 
at T, and IT x will be a Tangent Plane parallel to the former; (for PM T 
being equal to MI R, becauſe of the Parallels PG, R T, and the common 
Angle R T v being taken away from the two right Angles M T v and 
R IT Z, vTZ the Angle of Inclination of the new Plane IT 7 will appear 
equal to the given PM T) draw MR; thro' C draw M; make 
the Angle X CM equal to MC T, produce X C to V and draw M V. Be- 
cauſe X CV is one ſtreight Line and at the ſame Diſtance from the Center 
Mas RT, therefore C R and CV are equal (by 7. 3. of Eucl.) ſince the 
Triangles C M d, C M e are equal (by 6.7.8.1. Eucl.) the Angle R M Vis 
biſſected. Draw M N the Sine of the Angle of Inclination, and the De- 
grees of the Arc R V, or the two Differences mention*d will be found by 
comparing together the Angle of Inclination and the Triangles R M N 
and CMN. | | ; 

The Cylinder being laid on the Plane in the Poſition deſcrib'd in the Fi- 
gure, will not only remain at reſt, if the Center of Gravity be at S, but will 
return, to that Poſition when moved out of it towards II or towards v, be- I 
cauſe in each of thoſe Caſes the Center of Gravity muſt riſe, and therefore 1 
S T muſt be the Diſtance of the Center of Gravity from the Plane, mea- DS. 
ſured upon the Line of Direction of the Center of Gravity when neareſt to 
the Plane, over that part of the Plane, where the Cylinder rolling upwards 
or downwards will ſtop its Motion. Now if the Center of Gravity be 
brought to C, it is evident that CR will be equal to S T, and that C V 
will alſo be equal to it, becauſe by Conſtruction it is equally diſtant from 
MF a Line going thro' the Center, and conſequently=CR ; alſo that no 
other Point of the Circumference will be equally diſtant from C. Then if 
the Center of Gravity from the Point C in the Line RT, where it is ex- 
actly over the Point of Contact, be ever ſo little mov*d towards v by puſhing 
the Cylinder that way, the Cylinder will roll on the Plane, and if it ad- 
vances the length of the Semicircumference till the Diameter T A is in- 
verted and becomes à , the Center of Gravity will be got to c the Chord 
TR being now Zr; but ſince r does not touch the Plane, the Center of 

Gravity muſt deſcend again and bring back the Cylinder till # (which was 
the Point V) returns on the Plane to v, where x K v will be the Chord 
which was mark'd X CV in the firſt Poſition of the Cylinder; K being 
the Center of Gravity, and K v which is equal to C V being in the Situation 
of S T, and the whole Cylinder bearing on v juſt as it did on T, when 
we ſuppog'd S the Center of Gravity, T A and T R being turn'd into Ta —_ 
4 ; . 
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Te. Therefore the Diſtance To on the Plane will not be equal to the Annotat. 
Semicircumference, but want of it the Arc a #=«v=A V. Conſequently Lect. II. 
the length run on the Plane by the Cylinder will be equal to the Arc T V, Gyms 
which may be found by the Thread applied to the Cylinder from T to V. 

Now the Number of Degrees of this Arc T V may be found in the following Plate 8. 


manner. | 5 Fig 3. 
The Angle of Inclination is v TZ MTN M RN TM P= 
AM GSG MR. | 
In the rectangular Triangles MRN and MCN, NM the Sine of Inclina- 
tion of the Plane 1s the Radius common to both ; M R the Semidiameter of 
the Cylinder is the Secant in the Triangle M R N, and M C the Diſtance of 
the Center of Gravity from the Center of the Cylinder is the Secant in the 
Triangle MCN. The Angle RMN—CMN=RMC; therefore 
RMV=2RM C, which may be found by Trigonometrical Tables, and 
confequently it is known. But the Angle of Inclination being given, its 
double is given, therefore A V and T V are known. Q. E. I. 
To apply what has been ſaid, let us ſuppoſe the Center of Gravity of the 
Cylinder to be diſtant from its Center of Magnitude + of the Radius, that 
is, to be at the Point C in the Figure *. | * Plate 8. 


+ 


The Angle p / g of the Plane, on which the Cylinder cannot riſe is thus Fig: 3. 


found, by Analogy; 


As M is to M:: (3: 2: :) So is the whole Sine: To the Sine of the 
Angle M/A&=/M P=plg=419. 480 +, Cc. | 

The Maximum of the Angle of the Plane on which it will riſe moſt is in 
this Caſe found to be 269, and the Height of that Riſe isv Z = 42,85, ſuch 


Parts of which the Circumference of the Cylinder contains 360. 


N. B. Hence it appears that the Maximum is not in the middle of the Angle 
5 1g, or at 209. 54, as one might at firſt imagine. 


Now let us ſuppoſe the Angle of Inclination from thePlane to be x5?, the 
length which the Cylinder will roll on the Plane, and the Height to which 
it will go above the Plane's Baſe will be found not only in the manner above- 
pram but alſo two other Ways, which for Variety-ſake ] ſet 

own here, os 


PREP ARS FT 


The Center of Gravity being in the Point C, at 4 of the Radius of the Cy- 
linder M f b from its Center M; making the Arc f V=R f, and drawing thro? 
the Center of Gravity C the Line V CX, the Segment V b X is = to the 
Segment R z T, and conſequently when the Cylinder has trac'd on the Plane 


To the Arc T 2 V, it will reſt and be æguipois'd (on the Plane) upon the Point 


V, for the ſame Reaſon that it is ſo upon the Point T before its rolling. | 
As the Angle of the Plane v T Zis= 13, that Angle is equal to the 
Angle PM T =+M R; therefore there only remains the Angle RMV 

> | „ | | to 


* 


Ba 1d Courſe of Experimental Philoſophy. . | ; 


Annotat. to be found, or its half R M f; and the two — Ways give the 3 

Lect. II. foe Value for it. . 

— Since the Sine G R for the Angle 5 M R, when the Radius is the : 
Radive of the Cylinder, is equal to y C, the Sine of the Angle & M for 
the Radius of o C &, the Circle of the Center of * I fay, 


As the Radius of the Center of Gravity : 


To the Radius of the Cylinder : : (or as 2 to 3) 
So is #0=2588 190, the Sine of 159 for the Radius of the Center of 
Gravity : 


To 3882285=GR or y C, the Sine of the Angle b 2 which | is 
found to be 229. 50 +, 


From _which therefore ſubtracting the Angle #MR=159, there will 
remain 7. 500 for the AngleR M f=fMV. Therefore the whole An- 
gleRMVi= 13. 4o'+; to which adding 30? for 1 the two equal An- 
gles & MR, PMT each of 155, the whole makes 45. 400 to be ſub- 
tracted from 180, equal to half the Circumference 4 V z TP of the Cy- 
linder, and there remains the Arch V T for the length run 2 5 the Cylinder 
rolling on the Plain Tu. . 

2. The other Way to find the Angle RM f is thus; | A 


In the Triangle R M C are given RM, M C, and the Ange MRC 
RMB! 5?; therefore I ſay, 
As the Radius of the Center of Gravity: 3 
To the Radius of the Cylinder : : (or as2 to 3, or MC: M R ::) Y | 
So is the Sine of the Angle M R C of 135 222588 190: E 


To 3882285 the Sine of the Angle NCM, or RC f=229.50'+. Mt + 

And that Angle RC 7 being equal to the two op r Angles MR C, : 
RMC, or RCF, if from 229. 300 be ſubtracted 15 for the Angle MRC : 
=RM 6, there remains the Angle ſought RM f=7®. 30 ＋, as before. 1 
Having therefore ſubtracted 459. 40 from 1805, there will remain for 0 
the Arc Vz T 1349. 20' for the Way of the Cylinder on the Plain Tu, t 
7. 


that is, 1344 of ſuch Parts, of which 360 make the Circumference of the 
Cylinder, by which one may find the Height » Z to which it riſes on n the 


— thus; 
As the whole Sine: 2 


To 1347 :: 
So is the Sine of the Angle Z: 


| | | wenn PT . E. I. 


. 
D | 5 Mr. Charles FR Labelye, having further confider*'d the Motion of the 
E f loaded Cylinder (ſee Plate 4. Fig 15.) as it rolls up on an inclin*d Plane, com- 
=_ 

1 


municated to me ſcveral Propoſitions relating to that Motion, which I 
thought would not be cms aaa to the curious Reader, 
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A Courſe of Experimental Philoſephy. 
| PRO r. 1. Plate 6. Fig. 3. 
To fad T S unjverſall. 


Let M Tra, M S=b, M B=x, Then we ſhall have / aa—x * 
B T, and / þ b—x x=BS. Now, ſince B T=-B S=T 8, it will follow, 


that Yaa—xx—bb—y/ bb—xx=T S; which conſequently will be 


known by making x = to the Sine of the Angle of Inclination of the Plane 
with the Horizon, ſuppoſing M T Radius. | 


Another Way, without extraZing Roots. 


As MS (=): is to the Sine of the Angle MT S:: ſo is MT (Sa): 
to the Sine of the Angle M TS; which being known, M S is alſo known. 


Then ſay, | 


As the Sine of the Angle MT S: is to MS (s) :: ſo is the Sine of 


Now, ſuppoſing the Center of the Gravity in C, it is evident, that the Cy- 
linder will roll up till the Point Y in the Circumference (having made 
CV=CR=TS) comes to v; for then the Center of Gravity will be in 
the ſame Poſition, as when at S over T. And to find in what Point of the 
Line Ta the Point V will be applied, it is evident, that the Line To will 
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be equal to the Arc TV: therefore ſuppoſing a Cycloid “ whoſe genera- Pl. 6. Fig 4. 


ting Circle is equal to the Baſe of the Cylinder, and Vertex at T, and Axis 
upon T A, if you draw VO parrallel to the Plane T F; by a Property of 
the Cycloid, the Line V O, being part of an Ordinate, will be equal to the 
Arc T V. Therefore making Tu equal to VO, you will have v the Point 
required. | | va 

y | Another Way. | | 

Since the Ordinate H O is made up of V O equal to the Arc ſought, 
and H V equal to the Sine of the Angle of the ſaid Arc ; by placing the 
ſame Cycloid, ſo as to have its Vertex at H, and Axis on H T, it will 
cut the Plane in Y, ſo that H O will be equal to T I; from which ſub- 
tracting YH V, the remainder will be TVU VOS the Arc T V 
Another Way. . 

Draw through V, VH parallel to the Plane; and placing the Cycloid 
with its Vertex at W, and its Axis on W L parallel to H T, it will cut 
the Plane atv; for LV T Y=H O, and L T being equal to WH 
H V= T, there will remain T»u=V O= the Arc T V required. 


PRO P. 2. Plate 6. Fig. 5. 


It may be farther ask*d, Mbas Degroe of Inclination to the Horizon, a 
Plane muſt have for the Cylinder to roll up that Plane the Length of any 
grven Arc of the Circumference of its Baſe; as for Example, ſuppole the 
Arc given to be T V, | | 
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To find this, we muſt conſider, that when the Center of Gravity is 


Lect. II. over V, after the Cylinder has roll'd, the Line C V, drawn through that 


= Center of Gravity V, will make the ſame Angle with the Line VM 


(drawn through the Point V and M, the Center of Magnitude) as the 


Line C T makes with I M, when the Center of Gravity is at S over T. 


Now, ſince the Angle CVI or CV M is equal to C T M, and CI V= 
to its Oppoſite MI T; it muſt follow, that T MV given, is equal to 
T CV fought. Whence we conclude, that a Circle paſſing through T, 
M and V, will alſo paſs through C. From whence. we obtain this fol- 
lowing Method: —The Arc TV being given, io find the Center of a Circle 
paſſing through T, M, V; which Circle will cut a Circle deſcrib'd round 
the Center of Magnitude M (with the Diſtance of the Center of Gravity 
from it) at C: then making CR CV, drawR CT, and where it cuts 
the Circle of the Baſis of the Cylinder: at T, draw MT, making the 
Angle MTS; and this Angle will be equal to v T Z, the required Angle 
of Inclination of the Plane To, as is evident from what has been ſaid. 


PR O P. 3. Plate 6. Fig. 5. | 


It may be alſo demanded, How many Degrees of the Circumference, or 
what Part of an Arc will the Cylinder roll upon, to deſcribe a given Space on 
the inclin'd Plane; that is, T being given, to find T V. This may be 
done two Ways; for having the Diameter, you muſt ſay, —As 113: is to 
355: : ſo is the Diameter: to the Circumference, half of which will be 
the longeſt To, which the Cylinder can deſcribe, So by the Rule of 
Proportion — As half the Circumference: is to 180 Degrees : : fo Tu 
(meaſur*d in Parts of the ſame Bigneſs, as thoſe of the half Circumference:) 
will be to the Number of Degrees in the Arc TV. | 

But if it be requir'd to find the Point V by Conſtruction; upon the 


#P]. 4 F. 6. Point T of the Line Tv * or the Plane given, erect perpendicularly the 


Line T A or Diameter of the Cylinder, and deſcribe the Circle equal to 
the Baſis of the Cylinder; then placing the Cycloid made uſe of before, 
ſo that the Axis being kept parallel to the Diameter of the Circle (which is 
here equal to the generating Circle) when the Vertex of the Cycloid is in 
the. Circumference of the Circle, and the cycloidal Curve falls at the ſame 
time on the Point v; you will have given you, by the Vertex of the Cy- 
cloid, the Point W: then taking T V equal to T W, it will be alſo equal 
to To, from what has been ſaid before, &c. | Fr” | 


A for finding the true Maximum of the Riſe of the Cylinder, it eannot be 

obtain'd without finding ſome algebraick Formula, or Expreſſion, for the Riſe 
of the Center of Magnitude, as well as another Formula, without any more 
unknown Quantities, than in the former Way of expreſſing the Deſcent of the 
Center of Gravity of the Cylinder whilſt it is rolling. Now from a due Conſi- 
deration of the Figure, it appears, that theſe Formule require the Refifi- 
cation of the Circumference of a Circle, ' or of ſome Arc thereof ; which, not 
being poſſible to be done without the infinite Series's, has made me leave the 
Subjeft, _ ; 13. 
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13. [19,—— Common Center of Gravity may be found, &c.] By this Annotat. 
means may be found the Center of Gravity of our Syſtem, in any Poſition Lect. II. 
of the Planets *. Let us firſt ſuppoſe them all on one ſide and in a Line - 
as S CA, going thro? the Sun's Center C: Or to ſpeak like an Aſtronomer, + hat 
let all the ſuperior Planets be in Oppoſition, and the inferior ones in Sir Iſaac 
their inferior Conjunction. Firſt, The common Center of Gravity of Mer- Newton's 
cury and the Sun will be very near the Sun's Center; becauſe the Quantity Principia, B. 
of Matter in the Sun is more than a Million of times greater than in Mercury, 3: Trop. 12. 
and Mercury is not 82,5 Semidiameters of the Sun diſtant from the Sun's 2 "a 
Center. Secondly, Venus (ſuppoſing it, as very probable, to have about the © © 
ſame Quantity of Matter as the Earth) taken into Conſideration, will bring 
the common Center of Gravity of the three Bodies but a little forwarder, 
W viz. to @, becauſe its Maſs is to the Sun's but as about 1 to 169282, and 
W ics Diſtance from the Sun's Center but about 145 Semidiameters of the 
W Sun. Thirdly, The common Center of Gravity of the Earth, and the three 
Bodies above-mention'd, will be brought but to O, or a little forwarder. 
Houribly, The common Center of Gravity of Mars and the other four Bo- 
dies will be brought ſtill a little nearer to the Surface of the Sun, as to &, 
but not half way from the Sun's Center to its Surface. Fifthly, The Quan- 
Wtity of Matter in Zupiter being to the Quantity of Matter in the Sun, as 
1 to 1067; and Fupiter's Diſtance from the Sun compar'd to the Sun's 
EXZScmidiameter in a Ratio ſometimes greater; the common Center of Gra- 
EF vity of Jupiter and the Sun will be a little way without the Sun's Surface; 
Wand therefore the common Center of Gravity of Jupiter and the other 
Wfive Bodies will come to 1, a little farther out. Laftly, As the Matter in | 
alurn is to the Matter in the Sun as 1 to 3021, and the Diſtance of *p1.6. Fig. 45 
85S2/urn from the Sun is to the Semidiameter of the Sun in a Ratio ſomething 
ess; their common Center of Gravity, without the other Five Bodies, would 
be in a Point as ;, a little within the Sun's Surface; and therefore the com- 
mon Center of Gravity of all the ſeven Bodies will be at I, ſtill a little far- 
ther out from the Surface of the Sun, but hardly a whole Diameter diſtant 
rom the Center of the Sun. When Fupiter and Saturn are on different ſides 
pf the Sun, this common Center of Gravity will always be within the Body 
f the Sun, let the other Planets be in any Poſition, becauſe of their Near- 
"0 eſs, and the ſmall Quantity of Matter which they contain. Ir is this com- 
non Center of Gravity of our Syſtem which is at reſt, and not the Center 

Wt the Sun; for the Sun has a kind of wabling Motion about this Center. 
e little Difference made by the Comets and Satellites of the primary Planets is 
sl worth mentioning here. | 
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14. [43. Line of Direction falls within their Baſe.] The Tower of . 


e 8 


| 4 „%% is a round Tower 1 38 Foot high, whoſe Top over-hangs the Baſe 13 Fig. 5, and 6. 


3 4 oot, as repreſented in the fifth Figure: And the Tower of Bolonia is 
hate, 130 Foot high, its Top over-hanging the Baſe only nine Foot. See 
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Plate 8. 
Fig. 7. 


* Plate 8. 
Fig. 10. 


Plate 8. 


Fig. 7, 


and 9g. 
* Plate 8. 
Fig. 9. 


+ Plate 8. 
Fig. 8. 


® Plate 8. 
Fig. 13. 


- A Conrſe of Experimental Philoſophy. 


Animal Motions are always ſubject to theſe Rules, which we obſerve 
without thinking on them. When we ſtand upright with our Feet, as re. 
preſented in Fig. 7. the Line of Direction goes thro' the Point C, and 
paſſes between our Feet and D, and we may move our Heads from F to E 
or G, and our Bodies forwards, backwards, or ſide-ways, as far as I or H, 
without danger of falling or ſtirring our Feet, as long as the Line of Di- 
rection traverſes no farther than I A or H B, and falls any where within 
the Space A B; which in this Situation of our Feet makes a pretty large 


Baſe. But if we ſet one Foot before the other, as in Fig. 10 *, alittle 


Puſh fide-ways will make the Line of Direction (which went thro* C) fall 
out of the Baſe to the right or left, towards E or B; in which Caſe a 
Man muſt fall, if he does not quickly remove his Feet to the Poſition of 
Fig. 7, or 9g. When we ſtand upon either Leg we muſt bring our Body ſo 


much over the Foot A B or DE, that the Center of Gravity being directly 


over it, the Line of Direction may go thro* c or K; and in walking, the Line 
of Direction mult travel thro? every Place where each Foot is ſet down; 
going ſucceflively thro? the Points f E, A, D, B, whilſt the Center of Gravity 
goes thro? the Points G, C, F, &c. ſo that unleſs a Man, in walking ſtreight 
forward, ſets one Foot directly before the other, the Line of Direction will 
not deſcribe a ſtreight Line upon the Plane where the Man walks, but 


an indented Line ; that is, Angles to the right and lefr, whilſt the Body of 


the Man goes on in a waddling Motion. This we ſee in the walking of 
fat People, and all others that ſtraddle in their Gait l. The Line of Di- 
| T2 rection 


It is not ſtrictly true, that any Man in 
his common Walk ſets one Foot ſo exactly 
before the other, as to carry on the Bottom of 
his Line of Direction in a ſtreight Line, as re- 
preſented in Fig. io, and 11. Becauſe if a ſtreight 
Line be drawn with Chalk, it is difficult to 
walk ſtreight along it; but the plaineſt Proof 
is the Obſervation of two upright Sticks, of 
about the Height of a Man, the one painted 
white and the other black, and ſet up about 
ten Yards beyond one another, in the ſame 
Line that a Man walks towards them : for in 
ſuch a Caſe, tho' he keep one Eye ſhut, the 
laſt Stick will appear ſometimes on the right 


and : ſometimes on the left of the firſt ; and 


the more ſo, the nearer the Man comes to the 
Sticks. Rope-dancers *, indeed, go in a ſtreight 
Line; but it is what they have learn'd by 
Art, and inur'd themſelves to by long Prac- 
tice ; yet they muſt even after all have Helps 
to keep their Center of Gravity over the Rope. 


They ＋ fox their Eyes on ſome diſtant 


Point in the ſame Plane as the Rope. Th 
have commonly a long Pole loaded at the E 
with the Balls of Lead B, 6, by the Motion of 
which they can alter the Poſition of the com- 


mon Center of Gravity of their Body and the 
Pole ; as for Example, the Center of Gravity 
of the Rope-dancer C A being at A, his Line 
of Direction ſhould go thro' a, off from the 
Rope : but by moving the Pole towards B, 
the common Center of Gravity. of the Man 
and Pole is brought to C, in which Caſe the 
Line of Direction C D goes thro' the Rope. 
Thoſe who are well ſkill'd in this Art will 
ſometimes uſe their Arms only, inſtead of a 


Pole ; and it is very common for ſeveral of 


them to dance with a Flag, with which they 
ſtrike the Air the ſame way that the Center 
of Gravity goes when the Line of Direction 


does not go thro' the Rope; and, by the 


Re- action of the Air, the Center of Gravity is 
brought back to its proper Place. 

Thoſe that would enquire farther into tis 
Matter, may conſult J. A. Borelli, in his Book 
De Motu Animalium, Chap. 18, 19, 20, and 


21. In the ſaid 21 Chapter he gives an Ac. 


count of the Motion of an Horſe, part of which 

Cas it is very curious I ſhall repeat here. 
The Ancients obſerving that Horſes and 
other Quadrupeds, in Galloping, lift up their 
two fore Feet, and then their hind "_ as 
| o0n 
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rection going thro* the Points A, B, C, D, E, deſcribes a ſtreight Line in Anrotat. 


Fig. 11, where the Feet are ſet before one another; but when the Motion Lect. II. 


of one Foot is in a parallel Line with the Motion of the other, an in- 
dented Line is deſcrib'd by the Center of Gravity above, and the Line 


of Direction as it cuts the Ground at A, B, C, D, E, Fig. 12. 


Ducks, 


Geeſe, and the greateſt part of the Water-Fowl, whoſe Legs are ſet wide 
aſunder for the Conveniency of their ſwimming, and turning quick in the 
Water, have always a waddling Motion upon Land; but a Cock, a Stork, 
an Oſtridge, and moſt other Birds that are not web- footed, walk almoſt 
directly forward, without waddling (eſpecially when they walk ſlow) having 
their Legs ſo plac'd as to put one Foot before the other with greater Eaſe. 
Thus Quadrupeds ſeldom or never waddle, becauſe they have commonly 
three Feet upon the Ground at a Time : So that however the Baſe receiving 


the Line of Direction alters from a quadrangular to a triangular Figure; 


that Part of it, in which the Line of Direction falls, is always in or near 


When a Man ſtands in 


a firm Poſture *, A B, the Diſtance of his Feet, 


is the Length of a quadrilateral Figure, whoſe Breadth is nearly the Length 
of the Feet, and D is the Point under the Center of Gravity C, where the 


Line of Direction falls. 


Let the Lines A C and B C be drawn, then let 


thoſe two Lines and D C be continued to the Points E F G, ſo as to make 


the Triangles ECG and A C B equal and ſimilar. 
FD (or a Plane going thro? it) cuts the whole Body of the Man into two 


ſoon as the fore Feet are ſet down, did imagine, 
that in Walking, as well as Pacing and Trot- 
ting, an Horſe has two Feet off of the Ground 
at one time; and accordingly in their Braſs or 
Marble Statues, they have repreſented their 
Horſes with two Legs off of the Ground diago- 
nally oppoſite, as the right before and the left 
behind, or left before and right behind. The 
modern Statuaries have alſo fall'n into the ſame 
Error, becauſe in the _ walking of an Horſe 

| iſtinguiſh ; and therefore 
he has ſhewn from Mechanical Principles, that 
the Motion of raiſing two Feet at once in 
Walking cannot be conſiſtent with the Wiſdom 
and Simplicity of Nature. To Borelli there- 
fore I refer the Reader, who wou'd know what 


here, what the Motion is. 

* Plate 8. © Let us conſider an Horſe * as 

Fig, 14. an oblong Machine ſuſtain'd by 

, © the four Legs, as four Props or 

Columns, reſting on the Points 
AB CD, which make a rectangular quadri- 


© lateral Figure ; then the Line of Direction 


will fall perpendicularly on E, a Point in 
enter of the quadrilateral Fi- 
Fahne | 


* 


only copy from him, 


As long as the Line 


«© gure, which will make the Station or Standing 


of the Horſe the moſt firm. The progreſſive 


Motion begins by one of the hind Feet, as 
* for Example, the left hind Foot C, which by 
* ſtrongly preſſing back the Ground moves for- 
* ward the Center of Gravity, and conſequently 
© carries on the Line of Direction from E to G, 
© as itſelf moves from C to F. This done, 
immediately the Foot B is rais'd, and carried 


forward as far as H, which Motion of the 


Foot is eaſy, becauſe the Line of TiceQtion 
« firſt falls within the Triangle ABD; ſeccully, 
© within the Trapezium ABF D; that is, 
© the Body of the Horſe is ſuſtain'd by three or 
by four columns. Laſtly, the three Feet A, D, F, 
remaining firm, and taking in the Line of 
PVirxection at G, immediately the left fore Foot 
© Bis carried forward to H; and, by the Im- 
pulſe already made, the Center of Gravity is 
© alſo carried over I, namely the central Point 
© of the Rhomb AHF D. The Motion of 
the two left Feet being compleated, the Im- 
« pulſe and Motion of the right hind Foot D 
begins, and then that of the right fore Foot; 
* and ſo on in the Manner above deſcrid d, as 
the Animal moves forward. 
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equal Parts, the Center of Gravity will be at C, and CD will be the Line 
of Direction. But if the Body be inclin'd towards the left hand H, the 
Center of Gravity will move from C to , the Line of Direction will be- 
come H B, and the right Foot being eaſily remov'd from A, may be car- 
ried on beyond B, by which means the Man will go on towards the left. 
In the like manner by inclining towards I, the Line of Direction will be re- 
moved to I A, and the Man go to the right. When a Man ſtands upon 


one Foot, it is with ſome difficulty. For Example, let the Line of Direc. 


tion be C D; by the Motion of the Blood, and Lungs, and other Ani- 
mal Motions, the Center of Gravity will be apt to vacillate or totter to- 
wards F or G on either ſide about the Center of Motion D, where now 
the Baſe is but ſmall. If the Line of Direction comes to B, the Man muſt 
fall forwards, backwards if to E; and tho* A be under the Heel of the 
Foot, yet in the Motion of the ſaid Line of Direction from D to A, the 
Body will be apt to go too far towards E, and fo bring the Line of Di— 
rection beyond the Baſe. This will more probably happen in the fide Mo- 
tion of the Body; ſo that the Body will be in danger of falling, unleſs 
the right Foot be put down towards that Side where the Body inclines, 
Birds ſtand upon one Foot much more eaſily than Men, becauſe their 
Line of Direction being much ſhorter, and the Baſe of one Foot a large 
Rhomboidical Figure made by the four Claws, the Line of Direction cannot 
go out of that Baſe, unleſs the Center of Gravity riſes, which is impoſ- 
fible without a violent Motion “. | 

When a Porter carries a Burthen upon his Shoulders, he muſt ſtoop, 
becauſe if he ſhould ſtand upright, the common Center of Gravity of the 
Man and Burthen would be fo far brought back, that the Line of Direction 
would fall behind the Feet. For the ſame Reaſon, when a Woman with 
Child is very near her Time, ſhe bends backwards as ſhe goes, by reaſon of 
the Burthen before, which otherwiſe would cauſe her to fall forwards. 


15. [49.— Roll along the Plane.) If the Ball“ F E be laid upon a 
{ſmooth horizontal Plane A B, it will ſtand ſtill, tho? it touches but in one 
Point as O, becauſe the Line of Direction c O goes thro? the ſaid Point; 
but if the Plane be ever ſo little inclin*d to the Horizon, as in the Poſition 
CP, the Ball will continually roll forward towards D, becauſe then. the 
Line of Direction will always fall before the touching Point. | 

If ſuch a folid Body as G, contain'd under twelve rectangular Parallels 


Fig. a, and 3. grams, and two oppoſite, parallel and equal Dodecagons, be laid upon the 


inclin'd Plane B A C, as it will ſlide from A to C, the Center of Gravity 


moving in the Line eg parallel to the Plane A C, and i o one of the paralk- 
logram Planes of the Body always touching the ſaid Plane AC. But if the 
Plane be more inclin'd, as in the Poſition D E, it will appear, by drawing 
the Arc e f with the Diſtance i e about the Point i (the only touching Place 
of the Body then) that the Center of Gravity can deſcend ; and when tit 
Point o is applied to the Plane D E, the Line of Direction will fall beyond 


the 
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= the ſaid Point o. towards E; and therefore the Body will roll or tumble to- Annotat. 
e © wards E. In the ſame manner all the angular Points, or rather the Edges Lect. II. 
bl the plane Surfaces, will ſucceſſively apply themſelves to the Plane DEE 


. till the Body has roll'd quite down. 

8 16. (49. — In the Load of Iron the Center of Gravity is low ; but very 

= high in the Load of Hay.] | - 
n K * is the common Center of Gravity of the Load of Hay and the Car- Plate 9. 1 : 
. riage PM, whoſe Line of Direction is K E, whilſt the Plane PM (on Fis. + | - 
2 : which the Carriage is drawn) is horizontal; but if CD be a horizontal Line, 

. the Plane PM will be inclin*d to the Horizon in the Angle BP D, and the 

W Line of Direction being chang'd from K E to K P (becaule KP is the only 


{ R Perpendicular from K to CD) will fall out of the Baſe QM towards C, and 
cConſequently the Waggon will be thrown over that way; which alſo appears 


C by drawing round the touching Point Q with the Diſtance Q K, the Arc KR, 
1 ſnewing the Way of the Center of Gravity, which can in this Caſe deſcend 


without firſt riſing. For the ſame Reaſon, if the Carriage was drawn along 
„ an horizontal Plane, whoſe Section is repreſented by C D or PN, and the 
Wheel M ſhould meet with a Rub of the Height of NM, the Load of 
Hay would alſo be overthrown upon that account. 
az But as a Load of Iron * lies much lower upon its Carriage, the Center * Plate g. 
of Gravity muſt alſo be lower, and therefore the Line of Direction will Fig: 5. 
fall within the Baſe on the ſame Inclination of the ſupporting Plane, as 
EF would occaſion it to fall out of the Baſe in a Load of Hay, as is evident 
EF from the Figure. Let CD alſo here repreſent an horizontal Line, and 
M the Road or the Baſe ſupporting the Carriage, the Angle of Inclina- 
| tion M Q N in this Figure being equal to MQ N in Fg. 4. The Line 
of Direction K P will here fall within the Baſe QM, and cannot fall out 
of 1t till the Angle of Inclination is increas'd to BQ Y, by making X Y 
the horizontal Line ; or, which is the ſame thing, unleſs the Wheel M 
meets with a Rub of the Height of y M much higher than the Rub which 
would overturn the Load of Hay. | | | | 
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CECTURE W 


Inple Machines or Organs, call'd by ſome Mechanical 

ot. 1 A Faculties, or Mechanical Powers *, are ſuch Inſtruments 
as are of one Piece (or conſidered as ſuch) by means of 

* *'9 which the + Powers deſcrib'd in the laſt Lecture act upon 
Weights, in order to give or 5 Motion; to overcome, make 


or ſtop Refiſtance. 


2. All Engines (however compounded) * the Uſes. of Like 
are made up of various Combinations of the fimple Machines. | 
Sometimes all of them may be found in one Engine; ſome- 
times two or three of them; and ſometimes only one of the 
Mechanical Powers multiplied. | 


3. The Siinple Machines are the ſeven following; ; wiz. the 
Balance, the Leaver, the Pulley, the Axis in Peritrochio (or 
Axle in the Wheel) the Inclined Plane, the Wedge, and the 
Screw. N. B. Authors differ in their Enumeration of the Me- 
chanical Powers, ſome making them to be Six, excluding the In- 
clined Plane from thoſe which I have named. Others have re- 
duced them to Five, . confidering that the Screw is only «a Wedge 
carried round a Cylinder : And others again have made the Lea- 
ver and Balance 1% be the ſame Power, from their near Reſem- 
blance. But fince the ſame Principle is only applied different- 
ly (as may be ſhewn by reducing all the Mechanical Powers to 
the Leaver, or explaining all their Operations by that of the Lea- 
ver *) anll we are to give an Account of "4 Inſtruments con- 
trived for that different Application, che Mechanial Powers will 
* to be Seven. 


* Annot. 2. 


4. Before we explain theſe Powers or Organs ſeverally, there 
are ſome general Things to be confider'd relating to all E- 
gines, which will facilitate our Calculations concerning them, 
and render the Execution of them in Practice, as perfect as the 
Nature cf the Materials of which the 2d are made will allow. . - 

"8D 
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SUPPOSITIONS. 


5. Tuo the Earth be ſpherical, yet we are to ſuppoſe it 
flat, when we conſider Mechanical Engines; becauſe the largeſt 
Machine covers ſo ſmall a Part of the Earth's Surface, that to 
allow it any ſenſible Roundneſs in fo ſmall a Compaſs, would 


be to allow too much. 


6. Tro' none of the Bodies which we handle are perfectly 
hard, or truly of the Figure which we intend to give them, 
yet we are to ſuppoſe every thing perfe& in all our Engines; 
as for Example, that ſtreight Bodies, as the Beam of a Balance, 
a Leaver, &c, are Mathematical Rigids, and without Thickneſs 
or Lines altogether inflexible; that the Mechanical Powers 
(whether Simple or in Compoſition in complex Engines) are 
without Weight, whatever Materials they are made of; that 
Bodies are perfectly hard and ſmooth; that the Parts of En- 
gines move one another without Friction; that Cords are ex- 
tremely pliable; that the Center-Pins of Pullies, or Axes of 


Motion of them, of Balances, Leavers, Axes in Peritrocbio, &c. 


are only Mathematical Lines. 


7. Tho' the * Lines of Direction of all heavy Bodies tend 


towards the Center of the Earth, and conſequently converge 


together in a ſmall Angle; yet we muſt conſider them as pa- 
rallel, becauſe they are ſo, as to Senſe; their Point of Conver- 
gence being near 4000 Miles off. For this Reaſon the Walls 


of a Building, when exactly adapted to the Plumb Rule, are 
nearer at Bottom, than at Top; tho' in Practice we mult al- 


ways look upon them as parallel. 


8. NoTWITHSTANDING the Falſity of the Suppoſitions, we 


| ſhall not be led into any Error by them; becauſe, by a ſecond Con- 


ſideration, we are to have regard to the Imperfection of En- 
gines and Materials, and the Quantity of Stzc&age or Friction; 
which differ according to the Number and Combination of 


Parts and Nature of the Materials, of which the -ſeyeral | 
Engines conſiſt: And having made uſe of the beſt Me- 


thods we can to diſcover the Imperfections «above mention'd, 


in each particular Machine; we are to take care to allow 
| | cnough 
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Lect. III. enough to be deducted from the Calculation made concerning 
— — an Engine ſuppoſed Mathematically true. 


* Ann, 3. 
and L. 4. 


„„ 


L. E. 12. 


. 20 


T 9. 


nig. 


O 


power. 


N. B. Several Methods of finding the Vari 7 Friction in 


Engines will be confidered 1 * 


DEFINITIONS. 


. Wren equal or unequal Quantities of Matter are fo ap- 
plied to a Mechanical Organ, or Engine, that their Moment, 
uantities of Motion, or moving Forces, deſtroy one another ; 


they are ſaid to be in Epuilibri 95 


10. Wurd Powers, whoſe Intenſities are equal or unequal, 
are ſo applied to an Engine as to deſtroy each other's Actions, 


they are alſo ſaid to be in n Aquilibrio*, 


11. ALL Bodies that act againſt each other by means of En- 
gines, may be conſidered as Powers and Meigbts, already de- 


{cribed in Le&. 2. Numb. 18, 19. 
12. BoDIEs in Apuilibrio are ſaid to qui ponderate. 


Wurd Powers and Weights have their Velocities reci- 
ty as their Maſſes, or as their Intenſities *, their Momenta 


are equal ; therefore they are in Æquilibrio . 


Ir the Momentum of a Power be greater than that of the 


14. 
Weight, or (on the contrary) the Momentum of the Weight be 


greater; that Power or e is ſaid to | preponderate, or over- 


15. Wurx either the Velocity (the Maſs being equal) or the 
Maſs or Intenfity of a Weight or Power (the Velocity being e- 
qual) or 50 Maſs and Velocity together are greater in a Pow- 
er or Weight than in the oppoſite (or counter- acting) Weight 
or Power; the Momentum of the former will be greater than 
that of the latter *. 

N. B. This will happen, let the Difference be ever ſo ſmall ; 
tho* then the Refiſtante made by the Friction will hinder the Efe 


ect from being vifible. 
i, 8 of 
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ES | . | Lea. III. 
Of the RAL ANG. | — 


16. Tax eſſential Parts of a Balance are (1.) the Beam, as 
AB *; (2.) the Axis of Motion, conſider d only as a Point or , ,, 
Center of Motion C, which divides the Beam into two Parts; Fig: 6, 5 
(3.) thoſe Parts call'd the Arms or Brachia, as AC and CB, 
which are either equal, as in Fig. 6, or unequal, as in Fig. 5 
(4.) the Points of Suſpenſion, as * A, B, in the 6th, and A, * Plateg. 
B, K, u, in the 7th Figure. Fig. 6, 7. 


17. Wren Weights hang freely from the Points of Suſpen- 
ſion, they gravitate neither more nor leſs for hanging nearer 
to or farther from the ſaid Points. | 


a | EXPERIMENT I. Pl. 9. Hg. 6. 


18. LET the Weight Q, with its Rope QA hanging at the 
End A of the Balance A B, be equal to the Weight P, toge- 
ther with its Rope DB. Hang the Weight P at any of the 
Loops G, F, E, D, of its Rope, and it will at any of them make 
an Ægquilibrium with the oppoſite and equidiſtant Weight Q. 


19. Warn the Beam of the Balance is equally divided by the 
Center of Motion (as in the 6th Figure) with Scales hanging 
freely from the Points A, B, inſtead of the Weights Q and P, 
it is the Libra, or common Pair of Scales. 


20. Tris. Inſtrument ſerves to compare together Bodies which 
have equal Quantities of Matter, tho' ſometimes differing in 
Bulk; for when the Commodities to be bought or ſold are 
placed in one Scale, ſo as to keep the Weights in the oppoſite 
Scale in Æquilibrio, the Momenta are equal; and fince the Ve- 
locities are equal on account of the equal Diſtances A C and 
CB*, the Quantities of Matter muſt be likewiſe equal: and this '*: 
is ſhewn by the horizontal Poſition of the Beam hanging freely 
on its Center of Motion, which is placed a little above its Center 
of Gravity, See the 4th Annotation. - 1 
Hence follows, that the Diſtance (that is, the acting Di- | 
ſtance) of any Weight is not to be meaſur'd from the Center 
of Motion of the Balance to the Center af Gravity of the 
Dm Weight; 
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Weight; and therefore the Lines Cz, Cn, do not expreſs the | 


Diſtances of the Weights P and Q; but their Diſtances are 
properly CB and CA, the leaſt Diſtance from their Lines of Di- 
rection N and Mm to the Center of Motion C: And therefore 
when the Weights hang freely upon an Horizontal Balance, 
the Diſtance of their Points of Suſpenſion from C may be call'd 
their Diſtance, and meaſur'd upon the Beam. But if the Ba- 
lance be in an inclined Poſition as 4 5, not + C and a C, but 4C 
and eC will be the Diſtances of the Weights p and 9, being 
Lines perpendicular to their Lines of Direction po, qa, and 
oing thro' the Center of Motion, conſequently the leaſt Di- 
Fahoes from it to the ſaid Lines of Direction. | | 


21. THE Balance, whoſe Brachia are unequal *, as AB (Fig, 
7.) is the Roman Statera, or our Steel-yard ; or the little In- 
ſtrument which the Chineſe (who take all their Money by 
Weight) always carry about them, call'd the Dotchins. See Num. 
13. of Led. 2. Plate 4. Fig. 3. This Inſtrument ſerves to 


compare together, at one Operation, Bodies that have equal 


Fl. 9 Fig. 
7. 

Pl. 9. Fig. 
8. 


or unequal Quantities of Matter; but in weighing heavy Goods, 
it is not ſo exact as the Scales. f 5 


THe * Balance of Fig. 8. may ſerve as a Steel-yard or as 


a Pair of Scales, on account of the ſeveral Diviſions on each 
Brachium, | 


THEORE M. 


22. One or more Weights ſuſpended on one Brachium of a Ba- 
lance, will be in Æquilibrio with one or more Weights ſuſpend- 
ed on the other Brachium ; provided that the Sum of the Mo- 
menta (or the whole Quantity of Motion) of the Weights on 
one Side of the Center of Motion, be equal to the Momenta on 
the other Side of it. „ 


ExPERIMENT II. P.. 9. Fig. 8. 
2 3. Uron the Brachium AC hang three | ſingle Pounds at 


the Diviſion 8, a fix Pound Weight at Number 5, a three 
Pound Weight at Number 1, and. a nine Pound Weight at Num- 


ber 3. Then on the, Brachium CB, hang a two Pound Weight 


at 


— 


8 


ns ar 
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at 2, a twelve Pound Weight at 5, and a two Pound Weight at Lect. III 1 
10, Then the Balance will hang in Æquilibrio. A 


24. SINCE the Velocity of Weights hanging to a Balance de- 
pend upon their Diſtances from the Center of Motion, each 
Weight being multiplied by its Diſtance from that Center will 
give its Momentum: Therefore 8 x 3 ( 24) + 5 x 6 (== 30) 

+ 3 x 1 (==3) + 3x9 (=27) make up the Sum of 84 for 
the Momentum or Quantity of Motion on the Brachium A C: 
And 2 x2 (=4) + 5 x 12 (=60) +10x 2 (= 20) make 
the like Sum 84 for the Momentum on the Brachium CB: And 
conſequently theſe equal Momenta acting in contrary Directions 
muſt produce an Aqui{zbrium *. If all the Weights on the Bra- * 9. 
chium A C were. reduc'd into one, vis. a twenty one Pound 
Weight hanging at the 4th Diviſion, it would keep in æquilibrio 

a Weight equal to all the Weights on the Brachium C B hang- 

ing at a quarter of a Diviſion beyond the 5th, becauſe 4 x 21 
= 5+ x 16==84, as has been ſhewn in the ſecond Lecture .. I. 2. 13. 


PROBLEM 


25. Equal or unequal Weights being ſuſpended at the Ends of 
a Balance of known Length and Weight: How to find the fix'd 
Point or Center of Motion about which the ſaid Weights will 
be in Aquilibrio, | | | 


EXPERIMENT III. PI. 9. Ng. 5. 


AB is a Balance weighing four Ounces, and of 12 Inches 

in Length, at whoſe Ends A and B are ſuſpended Weights of four 
and eight Ounces, Find out the common Center of Gravity of 
the ſaid Weights *, which will be directly under the Point K at, 
Numb. 4. Let K be. made the Center of Motion, and then 
the Center of Gravity being at its loweſt Place +, the Problem + L. 2. 26. 

will be folv'd, if the Balance AB has no Gravity. But as the 

Balance weighs four Ounces, the Brachium A K will over-weigh 

the Brachium K B, and ſo deſtroy the Ægquilibrium. Now a 

ſecond Operation like the former, will perfectly folve the 
Problem, after the following Preparation. Suſpend the Weight 

E equal to the two former Weights or 12 Ounces at the Hook 

under K, at the common Center of Gravity of the two Weights; 


Vor. I. | O which 


L. 2. 39. 
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Lect. III. which reducing their Weights into the Center of Gravity, they 


will act as before *. Reduce alſo the Weight of the Balance in- 


1 


to its Center of Gravity, by hanging, the Weight D of four 
Ounces (or equal to the Weight of the Balance) at « under 
6 the Center of Magnitude, which is alſo the Center of Gra- 
vity, becauſe the Balance is regular and homogeneous. Then 
ſhall we have the ſhort Balance 6 4 or * K without weight, 
and the Point C or true Center of Motion will be found by 
this Analogy, E +D (16 Ounces) : D (4) : : Kor a Length of 
two Inches): K C (or half an Inch.) This Point will be directly 
over the Center of Gravity of the Balance and all the Weights; and 
taking away the Weights D and E, the Æguilibrium will remain; 

the Alteration of the Center of. Motion from K to C making a 
mends for the unequal Weight of the Brachia of the Balance. 


PROBLEM. 


26. Agiven Weight hanging at one of the Ends of a Balance of 
known Weight, to find the fix d Point about which the Balance and 


Weight v be in Fquilibrio. 
inn IV. Pl. 9. Fig. 9. 
Havixe ſuſpended the given Weight D equal to four Pounds 


(for Example) at the end A of the Balance A B, which weighs alſo 


four Pounds; ſince the Weight of the Balances 18 conſider d in 
this Operation, we muft ſuppoſe the whole Weight of the Ba- 


„L. 2. 43- lance reduc'd into its Center of Gravity * as if the Weight E 


of four Pounds hung at C the Center of Gravity of the Balance, 
which is at its middle Diviſion 6: then we ſhall have a new Ba- 
lance (viz. AC) without Weight, at whoſe Ends hang the Weights 


D, and E, whoſe fix'd Point will (by the laft Prop. ) be found at = 


3 ; or more generally by this Analogy. 
As D E (or the Weight of the Body and PH Weigh of the 


Balance) : 
Is toE (the Weight of the Balance) : 5 
So is C A (half the Length of the Balance): 
To A 3 (the Diſtance of the fix d Point from the given 


dene) Body.) * 


eel 


n 
99 


N 


wet wo = 8 =o 
* 2 n I 
E 8 8 6 2 5 
n CE 5 I 
oY * 3 If, 28 
= 


Sy 
8 


8 


8 

2 

LEN 
« 


283 T bY 
CR 


2 
Na 


4 


1 


n 
Es 
f 


5 


5 
2 


5 * 
3 FF 
. N 8 


8 


ets 


7 
> 5 
Os 
2 Wot 
1 1 j- 
Mey 
Xs 1 


ICY 
N 


5 


5 


. 
FEI 
8 


n 
d 


S 


8 
IS 


0 I 
2 1 ws 
3 
OE ot 
UT $A 
SY 


— 1 
2 


15 


82 


3 
SUSE 
Rs 


* 


— — 4 ää ñ 


eee 8 


. p : '! : | , 
1H um um im num mm um amn TT — tm Tl till 
* . a — 


re an. - 


0" 


[ll | 


UL 
— 
III 


Ces g B 


Wr 
0 


WY 


2 


77 


> 
3 d = | 5 . OO Tr ttt l te eee een ene een ei 
. - n - 


= 7: _ — 
inen 


Yes 


IE 


7 8 f 1, 

0 x I III | POT TEE Dc a * ! | 100 

. Oman B Eo es —3 MAN: 
| = 7 D / | > 


Toner er re 


ooo mum DODDPUOrOOOUCUur DDD 
= | B 


SITE 
ITS 
ERS 
N 

3 . 
5 2 

- 


— —— — — ———— — — — — — — — —— 


CCC nm  NlImmmmmtRimiuoimiimonmioom IAA eilt 


FF " E888: 


Atuümeimumunun FUPHEREE FREELY BER HEHE) FRE HTHLER TREE ERET ER RHTTI 


Maud 


MM 


Uuuumtautatbattttntedtdttt 


—„—k 4 EETSTSYY 


D 


* 5 
LLL LLL UUW 


ll 
| 


Rr 


A Courſe of Experimental Philoſophy. 
SN & & MM. 

27. To make a deceitful Balance or Pair of Scales, whoſe Beam 

will hang in Aquilibrio without the Scales, or with the empty Scales; 


and yet fhall alſo be in Æquilibrio when unequal Weights are plac'd 
in the Scales; jo as to cheat in any Proportion intended in making 


the Balance at firſt 


Tr1s Problem is ſoly'd by making a Statera or Steel-yard with 
the Appearance of a common Beam, as in the following 


ExPERIMENT V. PI. 9. Fig. 10. 


To the Beam AB (23 Inches long, whoſe Brachium CB, of 
11 Inches in Length, keeps in Ægquilibrio about the Point C 
the Brachium CA, of 12 Inches in length, by being made 
ſo much thicker, or having fo much more Matter, as may 
make amends for its being ſhorter) ſuſpend the Scales D, E, in 
ſuch manner that D, which weighs one Part in twelve leſs than 
E, ſhall hang at the longeſt end of the Beam, and they wall 
keep each other in Agquzilibrio x. Then placing 12 Pound Weight 
at G in the Scale E, it will keep in Æquilibrio no more than 11 
Pounds of F, the Commodity to be ſold if plac'd in the Scale 
D; becauſe then F will be to G, in a reciprocal Proportion 
of BCOACT®T / 8 
Tuo ſuch a Balance may be fo nicely made as to deceive the 
Eye; the Cheat is immediately diſcover'd by changing the 
Weights, and the Commodity F, from one Scale to another; for 


then the Owner of the Balance muſt either confeſs the Fraud, 


or add to the Commodity he ſells, not only what was wanting, 
but alſo as much as he intended to cheat him of, and a Fraction 


Brachia of the Balance, That is, in this Caſe, the Buyer inſtead 


of 11 Pounds offer'd him for 12 his Due, will have (by chang- 


ing the Scales) 13 r Pounds. For whereas in the firſt Poſition 
of the Balance F (11)x A C (12) was equal to G (12) xB C 
(11), when G or 12 Pounds is plac'd in the Scale D, then 12 


x 12 will be equal tono leſs than CB (11) x13++ G; or, 


O 2 As 
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9. 13. 


of that added Weight proportional to the Inequality of the 
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Lect. INI, As the Brachium C B, II Inches long: 
— Is to the Brachium C A, 12 Inches long : : 
So will be F, or the W eight 12, plac'd in the Scale D: 
To G==13 ++, or the Weight of the Commodity keep- 
ing the Weights in Aguilibrio. 


Axp therefore as hs Analogy gives a reciprocal Proportion 
between the Weights and their Velocities, the Mamenta will be 
equal, which with contrary Directions deſtroy one another, 
N. B. In all theſe Caſes we ſuppoſe the Werght to hang freely 
from thoſe Ends of the Balance to which they are faſten d. See the 
* Ann.5. ather Caſes in the Notes *. 


Of the LE AVER. 


28. Tre Leaver (a known Inſtrument commonly call'd a Hand- 
ſpike, when of Wood, and a Crow, when of Iron) is, in Theo- 
ry, to be look'd upon as an. inflexible Line like the Beam of a 
Balance, and ſubject to the ſame Proportions, only that the Power 
applied to it is commonly an animate Power ; and from the dif- 
ferent ways of applying it, it is call'd a Leaver of the Ps o 
the * or of the third Kind. 


EXPERIMENT VI. Pg. Rx. 11. 


29. LET the Steel- yard P W be taken off its Hook K, and 
let its Center of Gravity C be plac'd upon a Fulcrum or tri- 
angular Priſm D E; and inſtead of the Weight 1 hanging at P to 
keep in Aquilibrio the W eight W of 4 Pounds, let an animate 
Power, as the Hand, be applied at P: The Statera or Steel yard 
will then be turn'd into a Leaver of the firſt Kind, ſo call'd be- 
cauſe the Fulcrum or fix'd Point is between the Ends as at C, in 
which Caſe the Power may be four times leſs in Intenſity than 
the Weight; but equal to it, if C or the Fulcrum was remov'd to 
M (the middle Point of P W) and four times greater, if C was 
remav'd to 3. N. B. I: all theſe Caſes, the Leaver is flill ſaid: 

* Annot. 6. o be of the firſt Kind * | 


30. Wu the Fulcrum is at one End, the Power at the o- 
res ther, and the Weight between them, the Leaves is of the /e- 
5 cend Kind *, 5 
31. Bu 
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31. Bur it is of the third Kind, when the fix'd Point is at one Lect. III. 


End, the Weight at the other, and the Power between them *. 


N. B. The Power and Weight are always ſuppoſed to att at k 


right Angles with the. Leaver, except it be otherwiſe expreſsd ; 
for then the Cone will vary, as may be ſeen in the Notes + upon the 
Balance, which are equally applicable to the Leaver. 

Tux Proportions, which the Powers and Weights bear recipro- 
cally to their Diſtances, are ſet down at the 11th, 12th and 


13th Figures. 
 ExprrIMENT VII. Plate 9. Fig.. 14. 


2. PLacr the three Leavers A, B, D, in ſuch manner up- 


To 
on the Fulcra F, F, F, that A may have the Proportion of its 
HBrachbia as 5 to 1, Bas 4 to 1, and Das6to 1; and let theſe 


Leavers act upon each other: then making uſe of a Power e- 


qual -to one Pound at the End M of the Leaver D, it will 
keep in aequilibrio 
ver A. 

In this compound Leaver, the Proportion or Ratio of the 
Weight W to the Power M is compounded of the ſeveral Ra- 
rios of the long Brachium of each Leaver to its ſhort one; for 
53x4x6= 120. And accordingly you will find by meaſuring 
the Aſcent and Deſcent of the Ends of the firſt and laſt Leaver, 
that whilſt the Weight W deſcends Y of an Inch, the Power or 
little Weight M will aſcend 4 or 12 Inches; the Force to be 


gain'd by ſuch a compound Leaver being ſhewn by the re- 


ciprocal Proportion between. the Maſſes. and Velocities of W 


and M. 2 
WN two Powers applied to the Ends of a Leaver, ſup- 


port a Weight reſting upon the Leaver, they are to one 
another reciprocally as their Diſtances from the Weight. The 


Proportion is mark'd in the Figure &. 
ExPERIMENT VIII. PI. 9. Fig. 16. 


33. In the Frame AB C D hang the Leaver E F at the Points 
I, K, loaded with the Weight 7 at C; and the Weights whoſe 
Ropes go over the Pullies G H, being to one another recipro- 


cally as the Diſtances I C, and C K, will keep s æquilibrio the 
ſeven 


W, or 120 Pounds at the End 1 of the Lea- 


IOq 


of Plate g. 


ig. 13. 


＋ Ann. 5. 


* Plate 9- 


Fig. 15. 
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Lect. II ſeven Pound Weight. N. B. The Weight of the Leaver is not con- 


wn 


Sr fider'd here; for unle leſs the whole Brachis EC and CF be to one 
another as 3 to 4, the Center of Gravity (or Point C) muſt be re- 


moved a little fa ther towards 1 , as was ſaid before concerning the 
Balance &. 

IT is upon this Principle that Horſes of unequal Strength may 
draw equally in a Coach : for if the Spring-tree Bar be unequally 
divided, that. Horſe muſt employ more Strength which is ap- 
plied to the ſhort End of the ſaid Bar. Two Men alſo who carry 
a Barrel hanging from a Staff are unequally preſs d upon their 
Shoulders, if the Barrel does not hang in the middle, the Man 
carrying moſt who is theneareſt. This is farther illuſtrated by 


| ExyznIMenT IX. Plate 6. Pig. 17. 


TE Foot F ſupports an | horizontal Board A B, on which 
muſt be laid the Leaver 1, 2, divided in the Proportion of 2 to x, 
(ſuppoſing it a Spring- tree Bar ;) then placing the Pulley 7 over- 
againſt 2, and the Pully n over-againſt 1, let the Weights O (1 I) 
and M (2th) hang by Strings over the faid Pullies, and they will 
keep in eguihbrio the Weight N z Ib, drawing the Leaver in a 
contrary Direction over the Pully o 3 C. N. B. The Pullies 
ide in a Groove in the Edge of the Board, and remain in r any Place 
where they are et. . 


ExPERIMENT X. Pl. 9. Fig. 18. 


35. Ir there be a Leaver whoſe Brachia make an Angle, 
as is repreſented in the Figure, with its fix'd Point at the An- 
gle as C; the Weight W, 1 perpendicularly upon the 
End W, will be ha 2 equil; brio by a Weight of one Pound 
drawing the other End of the Leaver P perpendicularly (by 
means of a Pulley over which the Line of Direction of the 


Power is carried) by two Pounds at P, and three Pounds at mT, 


It is in this manner that a Hammer is made uſe of to draw 
a Nail. Some call this a Leaver of the fourth Kind; but it is 
evidently a Leaver of the firſt Kind, becauſe the Weight W 1s 
at one End, the Power P at the other, and the enter of Mo- 
tion C between: And if the Arm C W be ſet ſtreight in a 


Line with P C, fo as to bring W to w, and c be made the 
Fulcrum, 


LL 


Sus 6d 
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Fitrum, the Inſtrument will plainly appear to be a Leaver Led. III. 
—— 


of lie firſt kind *. 


of the FULL EF 


— 


nin a Box or Block as to be moveable round a Ce: as 


pati.ng thro! it, ſuch an Inſtrument is call'd a Pulley *: And ſome- 
times, tho” improperly, a Box or Block with ſeveral Sheevers in 


it is alſo call'd a Pulley, as in the ſecond Figure . The firlt |. 
of theſe is by Workmen called a Sratch-bleck. 


A Rope going round one or more Pullies to raiſe a Weight, 


is call'd the Running-rope. 
WIEN a Block with its Sheevers is ſo fix'd, that whilſt it 
remains immoveable, another Block and Sheevers riſes with the 


Weight hanging at it, ſuch a Machine is call'd a Pair of Blocks. 


37. AN upper or fix'd Pulley adds no Force to the Power, 
but only prevents the Fraction by making the Rope run eaſily; 
and ſo much the more as the Sheever is bigger than the Center- 


Pin about which it turns *. 


ExPERIMEN T XI. Plate 10. Fig. 4. 


HavinG faſten'd to the Ends of a pliable Rope the Weights x 
and z, the 1ſt of one, and the other of three Pounds, if the 
Rope be thrown over the ſquare but ſmooth Beam A B, the 
Friction of the Rope on the Beam will be ſo 'great as to hin- 
der the three Pound Weight from raiſing the one Pound, tho 
its Mamentum (without that Hindrance) is three times renter, 
becauſe its Velocity is the fame and its Matter triple *, But 
it only one Pound be faſten'd at the End of the faid Rope, and the 
Rope thrown over the Pulley E D, the fingle Pounds will keep 
each other ſo exactly in equhbrio, that the leaſt Weight added 
to either of them will make it over- power. That theſe Weights 
ought to be in æquilibrio, appears from a fight of the Figure, 
lince the Weight on the right Hand cannot deſcend to d with- 
out cauſing the Weight on the left to aſcend up to E pegs 
iy with the fame Velocity, 1 d being equal to 1 E. N. B. This 

Pulley is a iſs cal d a Ralle. 


38. A 


n 


326. WEN a little Wheel, commonly a Sheave or Sheever, is ſo 


* Ann. 7. 


* FT. 10. 
4 1. 


Bg. 2. 


* Ann, 8. 


®L 3 3: 


Lect. III. 
—— 


* Plate 10. 
Pig. 4, 5, 6, 
8 
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38. A lower Pulley, that is, ſuch a one as is moveable with 


the Weight, takes off half the Weight; ſo that a Power of half 


its Intenſity will ſuſtain it. 


ExPPRINMENT XII. PI. 10. Fig. 4. 


To an Hook coming from the Center of the Pulley g e hang 
a Weight of 2 Ib; then having made faſt the running Rope to 
the Hook F of the Arm A, bring it under the ſaid Pulley ge 
and over the Pulley d, and 1 Ib at the End of the Rope will 
ſuſtain the 2 Ib hanging from c the Center of the Pul- 


ley g e. | 
THAT the Power pulling down at 1 acts in the ſame man- 


ner as if it pull'd upwards at d, is evident, becauſe we have 
already ſhewn *, that an upper Pulley neither increaſes nor 


diminiſhes the Action of the Power. 

Wr may at one View ſee in Pullies how the Force of a Weight 
is diminiſh'd, by confidering how many Ropes (or Parts 
of the Rope) are employ'd to raiſe it, and which divide the 
Weight as they are applied to the lower -Pullies to which the 
Weight hangs, whilſt the Power only draws by one Rope. 


For Example, in this Caſe the Ropes fe and dg ſuſtain the 


Weight; but Fe is ſupported by the Hook /, whilſt the Pow- 
er only draws up the Rope dg. 


39. FROM this we may deduce this general Rule to know 
the Advantage to be gain'd by. a Paw of Blocks, let their 


Number of Pullies or Sheevers be what it will, (v/z.) As 


One is to the Number of the Ropes (or of the Parts of the Rope ) 


applied to the lower Pullies, ſo is the Power to the Weight. | 
Tus it is evident, only by a Sight of the Figures *, that one 


Pound will ſuſtain 4 Ib, as in Fig. 5. Six Pounds as in Fig. 6. 
Five Pounds, as in Fig. 7. and ſix Pounds as in Fig. 8. 
N. B. The Pullies and their Ropes repreſented by the 5th, 5th, 
and &th Figures, are call'd Tackles of Four, Tackles of Five, 


and Tackles of Six. 


40. Tur Machine repreſented in Fig. 6. is the moſt incon- 
venient for railing the Weight 6; but the moſt convenient for 


bringing together the Ends of two Beams without danger of 


| „ - Hend= 


his SM. - at 


%% As 
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bending them, as if the Ends A and B were to be brought together Lect. III. 
gradually. N. B. This Way of ufng Pullies is call lacing. — 


41. WIE muſt obſerve that the Rule above mention'd is only ap- 
plicable to the Caſes in which the lower Pullies riſe all together in 
one Block with the Weight; but when they act upon one another, 
and the Weight is only faſten'd to the loweſt of them, the Force 
of the Power is very much increaſed, each Pulley doubling it. As « pl. 10. 
for Example *, a Power whoſe Intenſity is equal to 8 Ib (applied at Fig. 9. 
a) will, by means of the lower Pulley A, ſuſtain 16 Ib +: + 38. 
A Power equal to 4 Ib (at 5) will, by means of a lower Pulley B, 
ſuſtain the Power of 8 Ib acting at a: A third Power equal to 2 
Iþ (at c) will, * means of the Pulley C, ſuſtain the Power of 4 
Ib at 4 A fourth Power of 1 Ib (at 4) will, by means of the Pul- 
ley D, ſuſtain the Power of 2 Ib (at c); and this is not alter d by | 
having its Rope carried over the upper Pulley or Roller E#, N. B. 3” 
What Weight each Pulley and each Rope bears in this Syflem of Pul- 
lies is ſet down in the Figure. 


ExXPERIMEN T XIII. PI. 10. Fg. . 


A Wiler of 161b hanging at the Pulley A, (of the Ma- 

chine Fig. g. made up of four fingly moveable Pullies, a Roller at 
E, and four Hooks upon the Arm E F) let the little Weight 1, which 
keeps in ÆAquilibrio the Weight 16, be raiſed up to # 16 Inches high, 
and the Weight 16 will only deſcend in the Line g h an Inch long. 
This ſhews the reciprocal Proportion between the Weights and their 
Velocities to be applicable to this, as well as all other Caſes of Pul- 
lies, as may be known by moving the Weight or Power in any Com- 
bination of Pullies, and meaſuring the Spaces which they go thro. | 
Thus in Fig. 4 +. while 2 goes down to a, 1 goes up to B, juſt + Pl. 10. 
twice as far, &c *. This Proportion therefore will always produce an ig 4 
Aquilibrium in this as well as in all other Mechanical Engines. __— 
N. B. The Ropes aſcending and deſcending, are always to be ſup- 
Pos'd parallel, except where it is otherwiſe expreſs'd +; and in every + PR CTY BY 

Figure repreſenting Pullies, the Power and Weight are mark'd with 
the Letters P and W. 


Of the AXL E in the Wheel, 


42. WHEN a Power by help of a Rope, or any other Means, is | 
ſo applied to the Circumference of a Wheel, as to cauſe the ſaid 
Vol: I. 7 ; | | Wheel, 
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Pl. 10. 
Fig. 10, 11 


* Pl. 10. 


Fig, 10. 


+ pl. 10. 


Fig. 11. 


A Courſe of Experimental Philefophy. 
Lect. III. Wheel, together with its Axle, to turn round and raiſe a Weight ap- 


—> plied to the Axle in any Manner, ſuch a Machine is call'd an Axle 
in the Wheel, or Axis in Peritrochis . 


SINCE in this Inſtrument the Wheel and its Axis move to- 
gether; it is evident, that in one Turn of the Wheel, when the 
Power * P deſcends a Length equal to the Circumference of the 


| Wheel, the Weight W riſes an Height equal to the Circumference 


of the Axis A by the winding of the Rope which carries the 


Weight upon the ſaid Axis. And ſince, when there is an Aquili- 


brium between two Weights, as W and P, there mult be a recipro- 
cal Proportion between their Maſſes and Velocitics ; W will be to 
P, as the Circumference of the Wheel to that of the Axis (ſup- 

oſing the Rope of no Thickneſs) or as the Semidiameter of the 
Wheel to the Semidiameter of the Axis (that is, as + D K to K A) 


becauſe the Semidiameters of different Circles are in the ſame Pro- 


portion to one another as the Circumferences. 


HENCE it follows, that the leſs the Axle is in proportion to the 5 
Wheel, the greater may the Weight be, which is ſuſtain'd or rais'd. 


by the Power. 
Ex PERIME N XIV. Pl. 10. Fig. FO. * 


Tax Machine repreſented by the Figure is a Model (made 
by a Scale of an Inch to a Foot) of ſuch an Axle and Wheel as is 
often made uſe of to draw Water out of a Well, by means of a Pow - 
er drawing by a Rope applied to the Circumference of one of the 
Wheels of the Machine, or by preſſing down ſucceſfively the Han- 
dles E, F, G, H, I, K, whilſt another Rope or Chain is wound up 
upon the Axis A or B, a Bucket hanging at it inſtead of the Weight 
W. Here in the Experiment one Pound hanging at the Circum- 
terence of the biggeſt Wheel C D will keep in Æquilibrio 12 Pounds, 
hanging at the ſmalleſt Axis A, or 6 Pounds at the Axis B, and on- 
ly 3 Pounds upon the Circumference T V. In the ſame manner, 
when the Weight hanging at the Axis continues in the ſame Place, 


and to be of the ſame Quantity, v/z. 12 Pounds, then the Power 


which, at the Circumference of the Wheel CD, is equal to x 
Pound, muſt be equal to 1 4 Pound, if it be applied at SR; but if 
it be applied at any of the Handles at the Diſtance of 2 of an Inch 
from the Circumference of the Wheel CD (which is s the ſame as 
if a new Wheel was added of + an Inch more in Diameter) then a 

| Power 
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Power equal to no more than 4+ of a Pound, will keep the Weight 


in &Æquilibrio; and raiſe it, if its Intenſity be increas'd ever ſo little. 

T 1s is more clearly repreſented in Fig. 11. * where the Weights 
are repreſented by the Letters W, W, , and the Powers by the 
Letters P, p, , and where you muſt obſerve, that unleſs the Power 
acts upon the Handles above-mentioned at right Angles, or in the 
Lines E x, F f, or Gg, Sc. the Effect cannot be the fame as 
making uſe of a new Wheel E, F, G, H, to which the Lines E x, 
F f, and G g are Tangents. | 


4. FoR if a Power, as for Example P, acts obliquely upon 


any of the Handles, as in the acute Angle PF K, or its correſpon- 
dently obtuſe Angle PI K, the Line of Direction of the ſaid Power 
becomes the Tangent of the Circumference DC; and conſequent- 
ly the Power acts as if it drew by a Rope going round the Wheel 
CD: And if the Obliquity was greater, as when the Power p draws 
the Handle G in the Angle 5 G K, the Effect will be no greater 
than if the ſaid Power ſhould draw by a Rope going round the Cir- 
cumference SR. The Powers in theſe Caſes muſt be increas'd in the 

ſame Proportion as the Lines DK and SK are ſhorter than EK. See 
the Numbers in the Figure, which expreſs the Intenſities of the Powers. 
N. B; We have taken no Netice here of the Thickneſs of the Rope, 

to which a Regard is to be had in Practice, always adding half the 
Thickneſs of the Rope to the Semidiameter of the Axis: And if the Rope 
is wound up upon itſelf, for every ſuch Turn we muſt [till add half 
its Thickneſs, which is the reaſon why more Power muſt be applied 
when the Axis is thus thickned, as often happens in drawing Water 
from a deep and narrow Well, over which we cannot have a long Axis. 


45. Ir the Rope to which the Power is faſten'd be ſucceſſively 
applied to different Wheels, whoſe Diameters are bigger and bigger, 
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the Axis will continually be turn'd with more eaſe, unleſs the Inten- 


ſity of the Power be diminith'd in the fame Proportion; and if fo, 
the Axis will always be drawn with the ſame Strength by a Power 
continually diminiſhing. This is practis'd in Spring-Clocks and 
Watches, where the ſpiral Spring S, which is ſtrongeſt inits Action 
when firſt wound up, draws the Fuzee F, or continued Axis in 
Peritrochio by the ſmalleſt Wheels near B: and as it unbends and 
grows weak, draws at the larger Wheels near A, in ſuch manner 
that the Watch-work is always carried round with the ſame Force *. 


P > | THERE 


* "22; 00. 
Fig. 12. 
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Lec. 1. Taz RE is another very curious Contrivance, whereby a Power, 
——— whoſc Intenſity is continually diminiſhing, does yet produce an Effect 


Plate 22. 
Fig. 7. 


® Plate 22. 
Fig. 8. 


continually increaſing, which is a ſort of a mechanical Paradox; but 
as it is. in common Uſe, we are apt to overlook it. I mean the Appli- 


cation of the main Spring in a Gun-Lock, -to drive the Cock, which 
carries the Flint againſt the Hammer (or Steel-Plate, to ſtrike Fire) 


with an accelerated Motion, tho' the Spring is all the while unbend- 
ing it ſelf. FSP * is the Spring bent up to the higheſt Degree, 


when the Gun is cock' d; but its natural Situation when wholly un- 


bent, is F Sp. ACT is the Tumbler, whoſe Axis of Motion is 
at C, which is the middle of an Axle or Arbor, going through the 
Plate of the Lock, on the End of which the Cock (being the 
Weight to be mov'd by the Power) is fix d upon a Square. Now, 
the Tumbler is in effect an Axis in Peritrochzo, with ſeveral Wheels, 
where the Power is ſucceſſively applied from the leaft to the great- 
eſt, as in the Fuzee of a Watch. I have repreſented only three of 


them, according to the three moſt equal Poſitions of the Spring, by 
the pointed Circles æ g, 4b, and AB. Now, tho' the greateſt 


part of theſe Wheels is cut away when the Tumbler is reduc'd to 


its proper Figure Aa a þ T r, there is enough left of each of them 


for the Hook of the Spring P to apply itſelf ſucceſſively to them all, 
as it preſſes on the Arm A a, with a fliding Motion from æ to A, 
which is the whole Range of the Spring in its Action. When the: 
Gun is cock'd, as in this Figure, the End of the Spring being a 

plied at a, acts upon the Tumbler at the Diſtance a C, by * 
Wheel a g, ſo as to preſs upon it at the greateſt Diſadvantage, at 


the ſame time, that the Spring is moſt bent, or has the greateſt In- 


tenſity. This is felt by applying the Hand to the Cock, which then 
makes the leaſt Reſiſtance. | 


In the 8th Figure *, the Gun being at Half-Cock, the Spring 
acts upon the Tumbler with more Advantage, preſſing in the Tan- 
gent of the Circle, or Wheel @ b, at the Diſtance a C, which gives 
the Cock more Force to deſcend, as may be felt by the Hand: For 
tho' the Spring is a little unbent, and ſo ſomewhat weaker ; the. 


Diminution of Intenſity in the Spring, is not ſo great as the me- 


chanical Advantage gain'd by the Diſtance being increaſed from 
«CtoaC.. | _ 
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Cock is preis'd down with a much greater Force, becauſe the End 
of the Spring P now acting in the Tangent of the Circle AB, has 
AC for its Diſtance of Power, about 3 times greater than « C (the 
Diſtance of Power when the Gun is cock'd) whereas it is not un- 
bent above +, as may be ſeen by comparing the 7th Figure with 
the gth. 


46. As Leavers and Pullies acting upon one another are ſome- 
times join'd together to increaſe the Action of the Power, whereby 
it may ſuſtain or lift a greater Weight; ſo it is uſual to make a com- 
pound Axis in Peritrocbio by combining together two or more 

of theſe Machines. Becauſe tho' by means of a long Axle capable 
of receiving a great deal of Rope, one may draw Weights from a 
great Depth; yet, as a very ſmall Axis would be too weak for very 
great Weights, or a large Wheel would be very coſtly, if ſuf- 
ficiently ſtrong, or make a cumberſome Engine which would 
take up too much room; it is more adviſeable to combine 
Wheels and Axles, by means of Pinions or ſmall Wheels up- 
on the Axles, whoſe Leaves (or Teeth) take hold of Teeth made 
in the large Wheels, as we ſee in Clocks which have ſeveral 
Axles and Wheels, or ſome ſort of Cranes which have only two of 


them combin'd together“ 
ExPERIMENT XV. Pl. 10. Fig. 13. 


47. THIS Machine conſiſts of two Wheels with their Axles, 
the firſt of which ABC (on whoſe Circumference A B is- 
coil'd the Rope which carries the Power P, which is a Weight 
of one Pound) has a Pinion of eight Teeth on its Axis at C, 
which takes the Teeth of the Wheel FG of the other Axis in 
Peritrochio. The Wheel FG has forty Teeth, and its Axis HK. 
is in Diameter the eighth Part of the Wheel A B. Hang 
the Weight W of 40 Ib upon the Axis HK, and it will be 
kept in &Ægquilibrio by the Power P, which is equal but to 
1 


Ir we ſuppoſe the Axis CI of the fame Diameter as the 


Axis K H, it is evident that the Power P would have ſuſtain d 
but 8 Ih hanging on the. faid Axis; nor would it have ſuſtain'd! 


: Lea. III. 
I's the gth Figure, the Spring is ſtill more unbent ; but yet the 


® $2, . 


more 
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it would have done on the Axis CI; therefore it has forty times 
leſs Velocity than the Power P, riſing only one Inch whilſt P 


* Ann. 8. 
Lect. 2. 


Pl. 10. 
Fig. 14. 


* Ann. 11. 
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more on the Axis KH if this laſt Axis had gone round as of- 
teen as the firſt Wheel AB which would have happen'd if the 


Wheel FG had had no more Teeth. than the Pinion C) but 
fince its Wheel has five times more Teeth than the Pinion on 


the Axis CI, it muſt go five times ſlower than the ſaid Axis; 


and conſequently the Weight W goes up five times ſlower than 


deſcends forty. | | 

HEN CE it follows that the Ratio of the Power to the Weight 
is compounded of the Ratio of the Diameter of the Axis of 
the laſt Wheel (where the Weight hangs) to the Diameter of 
the firſt Wheel (where the Power is applied) and the Ratio of 
the Number of Revolutions of the laſt Wheel, to the Number 


of Revolutions of the firſt Wheel in the ſame time. As for 


example, here the firſt Ratio is of 1 to 8, and the laſt Ratio 
is of 1 to 5; therefore the Ratio of the Power to the Weight is as 1 
to 40, v2. the Compoſition or Multiplication of thoſe two Ratios, 


becauſe 5x 8—= 40. And this holds good, let the Machine confiſt of 


ever ſo many Wheels. 
| Of the Inclin'd P LANE. 


48. Fo R the better underſtanding the Uſe of the inclin'd Plane 
in Mechanicks, we muſt remember what has been ſaid before 
concerning the Velocity of a Weight *, vis. that whatever 
Line the Weight deſcribes in its Aſcent by the Action of the Power, 
we are to call its Velocity only that Line which repreſents its per- 
pendicular Aſcent or Deſcent, 155 

Ir it ſhould be requir'd to lift up a very heavy Body as W 
or , the Height CB, it would be impracticable to raiſe it up 
in the Line CB without a Power whoſe Intenſity is equal to 
that of the Weight; and even in that Caſe very inconvenient 
to do it, eſpecially in building. But if an inclin'd Plane AB, be 
laid riſing from the horizontal Line AC, from whence the Weight 
is to be raiſed, a leſs Power than the Weight will ſerve for 
that Purpoſe, unleſs it puſhes the Body directly againſt the Plane, 
(as in the Direction WT) or draws the Body away from that 


Plane (as from W towards e, 7, or L., or) in any Direction on that 


ſide of the Line Ee *. | 


49. 
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49. Tur Direction in which the Body can moſt eaſily be Le, III. 


drawn or puſh'd up the Plane (as in driving a Wheel- bun; 
is in the Line W w M, parallel to the Plane and paſſing thro' 
the Center of the Weight ; for whether the Power drives a 
Plane K (in a Direction perpendicul»r to it) along the Line 
WM, or the Power P (by its Deſcent to p) draws it in the 
fame Line, the 2 of the Power will be equal to the 
Line Wu, the Space deſcrib'd by the Center of Gravity of 
the Weight, whülk the ſaid Weight riſes only the perpendicular 
Height Z B (n W) or has the ſaid Line properly to expreſs its 
Velocity. If the Body was a Cylinder, as a Rolling-Stone, and 
the Plane T 4 were to paſs thro' the Gudgeons or Axis of 
the ſaid Stone; it is evident that the Caſe would be the ſame ; 

and: as the Ma or P has its Rope running over the Roller (or 
upper Pulley) M, the Line Pp will be "the Velocity of the 
Power. Therefore in this Caſe the Weight (if kept % AEquili- 
brio). will be to the Power as W (TB) to 2 v ( == 36] 
or as the Hypotenuſe AB is to the Perpendicular BC, which 
(by Eucl. 4.6.) are in the ſame Proportion; and conſequently if 
the Power be ever io little increas'd, it will draw the Weight up 
the Plane. 


4 


N. B. In Practice the Power muſt be pretty much increas'd 


if the Body is not ſmooth and ſpherical or cylindrick, and the 
Plane very ſmooth. But as all forts of Bodies are to be drawn 
up to hes them . as near as we can to a Sphere or Cylinder, we 
muſt faſten Wheels to them, or ( which 1 is the ſame thing). lay them 
on M, I | | 


50. THAT the Power acts with the greateſt Advantage, 
whilſt it draws in the Line of Direction We (parallel to the 
Plane) is evident; becauſe if one End of the ſaid Line of Direc- 
tion remaining fix · d at W, the other ſhould move towards B, or 
beyond it, then the Body would be partly drawn againſt the 
Plane, and therefore the Power muſt be increaſed in propor- 


tion to the greater Difficulty of Traction: And if the End «vw of 


the Line above mention'd ſhould be carried to D, or beyond it, 
the Power muſt be alſo increaſed, in as much as it ende 


to lift the Body off from the Plane. How much the Power muſt 


r 
. e as by EI 
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Lect. III. be increaſed in Proportion to the Angle, which its Line of Direction 
w=— makes with the Plane, will be ſhewn in the Notes *. 


1. Ir the Power draws ina Line of Direction W B *, paral- 
lel to the Baſe of the Plane; then in order ' to keep the Weight 
Win Æquilibrio by the Power II, the faid Power muſt be to 
the Weight, as Z B to Z T, or as the Perpendicular BC to the 
Baſe A C of the Triangle ACB. For if we ſuppoſe the Pulley 
R at ſo great a Diſtance from W, that the Line of Direction 
WR may not ſenſibly alter its horizontal Poſition, then will the 


Power Il deſcend to w whilſt W riſes the Height BZ, in ſuch man- 


ner that IT@ (= WY, and not Wp) will be the Velocity of the 
Power. So that the Velocity of the Power to that of the Weight 


will not be as the Hypotenuſe to the Perpendicular, as in the for- 
mer Caſe, but as the Baſe to the Perpendicular in the Triangle 


ACB. | 

Ir the Power be increaſed juſt enough to overcome the Fric- 
tion of the Plane and draw up the Body W, let the Pulley R 
be lifted up gradually tor, ſo as to keep the Line W R paral- 
lel to itſelf till it comes to wr, and the Power will be deſcend- 
ed to x when the Weight is come to w B. But II x together 
with the Diſtance R, is equal to II , or WV, &c. And this 


Caſe 
Of the WEDGE. 


52. TAE Wedge is a ſhort triangular Priſm, whoſe two op- 
polite - and parallel Planes are rectangular Triangles, ſuch as the 
Section AB C, the reſt being rectangular Parallelograms ; the 
Edge or entring Part of the Wedge is made by the meeting of 
two Planes in whoſe Section is the Point A, and the Back of it is 
the Plane oppoſite to the Edge, on which the Hammer or Mal- 
let ſtrikes to drive the Wedge forwards. 
is ſeen in the Figure ABCDEF. 

I F upon the horizontal Line AC produc'd towards p, be 
laid the Weight wat the Point d, and a Plane as Gg to ſtop it 
from going towards A, whilſt the Wedge AB C is puſh'd un- 


der it from d towards A; as the Wedge is driven from C to A, 
the whole Length of its Baſe AC, the Weight w riſes juſt the 
= | Height 


Traction being conſtantly made in the - Angle WBT, is the 


The Repreſentation of it 


and 
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Height C B, or the thickneſs of the Wedge: Therefore the Le. III. 


Power will be to the Weight, as B C to AC. 


53. Tux Proportion of Force uſed would be juſt the ſame if 
a Plane as F f were to move parallel to it ſelf, and perpendicu- 
lar to A C, and puſh up the Weight, as W, from A to B along 


the Wedge ſuppos'd then immoveable. Nay, it would be the 


ſame if the Weight was only puſh'd from one Part of the Wedge 
to another, the Plane moving but from F / to G g, or (which 
is the ſame) from Ee to D d; for then w Y would expreſs the 
Riſe of the Center of Gravity (or the Velocity) of the Weight, 
and W the Velocity of the Power, which are till in the Ratio 


* © 


of BC to CA. | | 
Tx1s is the ſecond Caſe we mention'd concerning the inclin'd 


Plane, and may be confirm'd by the following 
ExPERIMENT XVI. Pl II. Fig. 2. 


54. TAKE the Machine deſcrib'd in the Figure“, in which the 
ſmooth Plane or Board BA HI, moveable on Hinges at B and I, 
may be raiſed ſo as to make any Angle with the horizontal 
Board N L BI, by help of the Quadrant Q, and fix d in its 
Poſition by means of the Screw at T; and having made faſt 
the Head DE in the Groove Ss by a Nut under the hori- 
zontal Board, raiſe the Pulley G of the Arm D G to C, ſo that a 
Line going over the ſaid Pulley in the Direction c M, may be 
parallel to the Plane AB. Then take a little wooden Cylinder 
M, the Ends of whoſe Axis or Pivots go thro' a braſs Frame 
as at O, ſo that it may be drawn eaſily by a String fix d at M; 
and lay on the faid Cylinder upon the inclin'd Plane, having 
faſten'd to M a String which goes over the Pulley c, and is 
join'd to the Ball P, which being made uſe of as a Power, will 
ſuſtain the Cylindric Weight M, when P is to M as A C the 


Height of the Plane, to A B its Length. A little more Weight. 


added to P makes it draw up the Cylinder. 


. 


Bur if the Arm Ec be lower'd, fo as to come into the Poſition 
E G, þ muſt be to M (in order to keep it in Ægquilibrio) as AC 
the Height of the Plane, to C B its Baſe. N. B. Here it is to 
be obſery'd, that tho“ the Addition of a little weight to p will 
make it begin to draw the Cylinder M up the Plane; that the. 
C phy will not be drawn quite up by the deſcent of p, be- 

OL. I. 22 = 


cauſe 
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Lec: III. conſe the Angle which the Line of Direction of the 8 makes 


LY with the Plane will be increas d as the Cylinder riſes up; but if 
the Pulley G be gradually lifted up to K, whilft the Cylinder is 
drawn up to m, the Power, which then will be at v, will have the 
fame effect on the Weight at m, as it had before at M, &c. and the 
Weight (when kept % Aquilibrio in the L ine of Direction 


Plate 10. 
Fig. 14. 


® Plate 11. 
Fig. 3. 


* plate 11. 
Fig. 4. 


MG or m K) ill ſtill be to the Power as Mn to nm, or BC 
to C A. | „ | 

Tr1s Machine alſo experimentally ſhews the Effect of the Power, 
whatever Angle its Line of Direction makes with the Plane. 


5. Tue Wedge, which we have hitherto conſider d, is a 
Wedge acting in the moſt ſimple manner, only with one of its 


Surfaces; for when it flides upon the Plane C A * to lift the 


Weight W, it does only act with its Surface A B, the Surface 
AC only applying it ſelf to the Line A p, without removing it 
from its Place. 'Thus if a Moulding was to be ſeparated from 
a Wainſcot as M mm from W w by means of the Wedge 
ACB, it is plain that aA the Velocity of the Wedge 
(fo far as it is driven in, when from the Poſition @6 cit comes 


into the Poſition ABC) would be to am the Velocity of the 


Moulding as AC to BC. Therefore, Sc. So it would be if 
a Pillar ſtanding upon a Floor was to be raiſed up without 
moving the Floor. 2 


56. Bur in the common way of uſing the Wedge, both 


Sides of it act, as in cleaving Wood: Then the Proportion of 


the Power and Weight are different from the former; for then 
the Power will be to the Weight as half the Wedge's Thick- 
neſs to its Length. But then we may eaſily reduce this to 
what has been ſaid before; becauſe here we make uſe of a dou- 
ble Wedge. For let us ſuppoſe Ca * an immoveable Plane, 
and on each Side of it a Wedge, as BCA and 5 CA, made 
uſe of to remove a Weight as cor 4 from the ſaid Plane; the 
Power puſhing the Wedge will be to the Weight but as cC (= Ac 


= BC)or dD (=AD— C5) to the Length of the double 
Wedge CB Abs, which is now got to Acad. Some Mechanical 
Writers have miſtaken this. Caſe by adding together the ſingle 
Velocities of c and d, wiz, Cc + Da, and calling that Sum the 


Velocity of the Weight, which they compared with A @ the 
Velocity of the Power; but we muſt conſider that if the two 
Bodies 


pA % o& 9 MS oc 
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Bodies to be remov'd from each other (as the Parts of the LeR. III. 
Wood to be cloven) were laid upon one another on either, 


Side, as for Example at 4, their Velocity would only be 4 D, and 
they would be remov'd as eaſily then by one Wedge as 6 C A, 
fromdto D, as by the two Wedges in the former Caſe. For 
tho in confidering the Momentum of Bodies, the Sum of the Mo- 
menta of all the Parts is to be taken for the Momentum of 
the Whole; we are not to take the, Sum of the Vehcity of the 


Parts for the Velocity of the Whole, but only the Velocity of the 


Center of Gravity of the Body, when we conſider how far it is 
remov'd. out of its Place. If a Leaver or Balance was made 


like a For *, and the Part C A was juſt double of either of * plate 11. 


the Parts of the Fork as CB or C D, and the Center of Me. Fig. 5. 
tion fix d at C; it is evident that one Pound at A will keep in 
Aquilibrio #wo Pounds at the forked End, tho the Pounds were 
to hang fingle, a two Pound Weight being always equivalent 


70 two fingle Pounds: but if the Sum of the Velocitres of B and 


D were to be taken, there muſt then be two Pounds at A to 


. ſuſtain the Weights at B and D, the Radius C A giving no 


more Velocity to the Weight at A, than the Radius CB or 
CD of half its Length, to the Weights at its Ends which is 
abjur'd, &c. | n 


57. I x both Caſes of the Wedge, it is not only neceſſary to apply 
a Force ſomething greater than either in proportion of the half 
Thickneſs or of the whole Thickneſs of the Wedge to its Length, 


| that the Power may overcome the Weight ; but becauſe the Surfaces 
even of the moſt poliſh'd Wedge are very rongh (in compariſon to 
the Mathematical Smoothneſs which we have ſuppoſed) and the 


Bodies to be ſeparated likewiſe very far from having their Surfaces 
truly plane; we muſt make uſe of an additional Force, to overcome 
the Stickage ariſing from that Roughneſs. WED 

Tris Friction or Stickage, which is not great in other Engines, 
is very conſiderable in the Wedge, Experience ſhewing that a 
Wedge laden with a vaſt Weight, has hardly any Effect eſpeci- 
ally in cleaving Wood ; becauſe not only the Surfaces of the 
Wedge, as we faid before, but the Parts of the Wood to be 
cloven are always rough, and ſo cloſe, that their Friction very 


much hinders the Motion; which Obſtacle we endeavour to re- 


move by Percuſſion, which here is of wonderful Uſe : for Expe- 
rience thews, that a Blow upon the Head of a Wedge, makes it 


22 enter 
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Lect. III. enter eaſily into a hard Body; the Reaſon of which ſeems to be, 
— chat a Blow, by putting all the Parts of the Wood in motion, 
makes them tremble and be diſunited, ſo as to leſſen the Stickage, 

and facilitate the Motion of the Wedge. The Effect of Percuſſion . 
will be greater in proportion as * PRO Body is heavier and 

moves ſwifter. 


Plate 11. Fg. 6. | 


58. To prove by Experiments what has been ſaid of the Wedge, 
we mulſt make uſe of the Machine. repreſented in the 6th Figure 
of Plate 11. 

AB CD is a Braſs Frame, conſiſting of two horizontal Pieces 
AB and C D, and two vertical ones A D and BC, ſtanding upon 
and fix'd to the former ; each of theſe laſt Pieces has on the Inſide 
about the middle, two little Pullies NO, PQ not exactly in the 
fame Plane, leſt the String that goes over the one ſhould fall foul 

upon the String which goes over the other. EF, G H are two 
Cylinders with Steel Axes, which are brought together (their Axes 
rolling on the vertical Pieces) by the Deſcent of the Weights 
RS, each of which is divided into two Parts by means of its Pulley 
T or V, fo as to draw the Cylinders equally towards one another, 
= by the Strings and Braſs Loops T NH, and FV), and two ſuch 
'v2 | other Loops at the other End of the Axis: of thi Cylinders. That 
the Cylinders may come cloſe together, without touching the 
Pulleys N, O, P, _ e Plates at their Baſis (which are a pretty 
deal larger than the Cylinders) are made convex towards the 
Ends of the Axis. The two Plates Z M, Z M, juſt wide enough 
to apply, themſelves to the Cylinders, without rubbing againſt the 
Places at their Ends, are join'd at M in the manner of an Hinge, 
ſo as to make a Wedge, and be open'd to any Angle meaſur'd by 
the graduated Arc IK L, which paſſing thro' the Plates, holds 
them faſt, by means of the two little Screws Z,Z. X is oneof 
two bended Wires, whoſe Ends being flipp'd into two Holes, 
keep the Cylinder EF from coming out of its Place, and only 
allow it to turn upon its Axis, when the Loop F (and its oppo- 
ſite under E) is carried over the Pulley Y (and the contrary Way) to 
the Axis of the other Cylinder at /, when only this laſt Cyln⸗ 
der H G is to be puſh'd away by the Deſcent of the Wedge, which 
by its own Weight, or the Addition of the Weight W, ſeparates 
one Cylinder from the other, Which is fix d (when the prick'd 
Line 
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Line repreſents the String) or removes them from each other, Lect. III. 
(when Y y repreſents one String, and H N the other.) — 


ExPERIMENT XVII. 


59. Evrx thing being in the Poſition repreſented in the Fi- 

gure *, open the Wedge to any Angle at pleaſure ; as for Ex- e“ 
ample, to an Angle of 20 Degrees, and hang on ſuch a Weight W, * 
as may together with the Weight of the Wedge, draw down the 
Wedge, and by ſeparating the Cylinders, raiſe the Weights R and 8. 

Open the Wedge to an Angle of 40 Degrees, and twice the Weight 

will be required to bring down the Wedge; but if you flip on 

the Wires, ſuch as X, to fix the Cylinder E F, and hang the four 
Loops and Strings upon the Cylinder H G, the Wedge acting only 

with one Surface to remove the Cylinder H G, will require twice 


the Weight to bring it down, that it would if it acted with both 


Surfaces ; that is, being open'd toan Angle of 20 Degrees, as much 
Force will be requir'd to bring it down, when only one Cylinder is 
moveable (tho' the other can freely turn about its Axis) as if it 
was open'd to. an Angle of 40 Degrees, and both Cylinders 
moveable. | 

Of the SCREW. 


60. A Screw is a Cylinder cut into ſeveral concave Surfaces, 
or rather a Channel or Groove made in a Cylinder, by carrying 
on two ſpiral Planes the whole length of the Screw, in ſuch 


manner that they may be always equally inclin'd to the Axis 


of the Cylinder in their whole Progreſs, and alſo always inclin'd 
to the Baſe of it in the ſame Angle. 
61. Tu Screw may be alſo conſider'd as a Wedge carried round 
a Cylinder, which in that Caſe is call'd the Arbor of the Screw ; 
the Wedge ſo carried on making what is call'd the Thread 
of the Screw, as may be ſeen in the 7th, 8th, gth, roth, and 11th 
Figures *. The Arbor of the Screw being A B in Fig. 7 and * Plate 11. 
acbdin Fig. 8. as if the Cylinder A CBD was inſcrib'd 10s. 7. 8, 9% 


within the Screw. | 


62. IN the 8th Figure we may ſee the manner how a Screw is 
made, if it be cut out of the Cylinder PHIQ, then HK L. 


MNOP is a ſpiral Line going about the Cylinder, marking the 


prominent Part to be left of the ſaid Cylinder, and Inn o, the 
| Line 
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Le&. III. Line marking the Depth to which the Screw is to be cut 


Pn a4 


Plate 11. 


Fig. 8, 


Ann. 13. 


* Plate 11. 
Fig. 7. 


VN 


(ſuppoſing the fame Line to go round the inner Cylinder or 
Arbor ABCD *, tho' not expreſs'd here, to avoid Confuſion) 


and then þL/, I Nu, Sc. will repreſent the prominent Part 


or Thread of the Screw. Now, if inſtead of cutting the Hol- 
lows HEL, LIN, NAP, Sc. into the Cylinder PHIQ, a 
continued Wedge be fix'd to a ſmaller Cylinder as A CBD, 
or rather 32 c d, the ſame kind of Screw will be made, and 
abed will be the Arbor of that Screw. Sometimes the moſt 
prominent Part of the Thread, as L, N, Sc. is not ſharp but 
flat, and then the Thread is call'd a ſquare Thread, as in Fig. xx. 
which repreſents the Section of ſuch a Screw. This ſort of 
Thread is not uſed in Wood, but in Iron and other Metals it 
is of good Service, being commonly more durable, and raiſing 
the Weight with more eaſe than the ſharp Thread, as will be 


more fully ſhewn in the Notes *. | 


Of the Force of the SCREW. 


To make an Eſtimate of the Force of the Screw (which may 
be compared either to an inclined Plane, as we have conſider' d 
it among the mechanical Powers) or to a Wedge according as 
its Arbor does or does not advance in a progreſſive Motion, 
whilſt it turns round its Axis, to raiſe or ſtop a Weight or 
to preſs Bodies together, which are the ſeveral Uſes of a Screw) 
let us take a flexible Wedge, as for Example one of Paper, and 
coil it round a Cylinder &, as is repreſented in the Figure, where 
A Bisthe Arbor, CID one Thread or Helix, DHE an- 
other, and EF G Part of the Wedge left to ſhew the Pro- 
portion between the Power that turns the Screw and the 


Weight W. 


63. IF the Weight puſh'd up the Wedge (or which is 
the ſame, rais'd perpendicularly by the Wedge ſlipping under it) 
from F to H in the Direction W w, then will HG be the Ve- 
locity of the Weight, and GF the Velocity of the Power, which 
is the Caſe of the inclined Plane becoming a Wedge ; and this 
will be the Analogy for the Screw * thus acting. 


As a Circle whoſe Diameter is H þ: . 
To HI the Diſtance of two Threads:: (or as the Baſe 
FG: to the Perpendicular HG::) 


So 
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so is the Weight : Lect. III. 
To the Power applied to the . at A to raiſe a Weight =o 


up the Thread HID C. 


N. B. We ſuppoſe the Diameter of the Arbor at A, and of the : 
Screw at H, nearly equal. | 


THr1s is the Caſe of the roth Fig. where the moveable Plank pte 
DK is carried down by turning round the Heads G, G, of the ig 10. 
| Screws A B and C D, in order to preſs ſtrongly the Bodies placed 

between the Planks D K and M L, whilſt the Piece HI fix'd on 
the upper Plank is either guided through an Hole, or being only 
look'd at, ſerves to ſhew whether the Plank K D be brought down 
horizontally as the Screws are turn'd. When long Leavers are 
thruſt into the ſquare Holes at the Heads of the Screws, the Force 
of the Screw is much increaſed, and then the Weight : will be 
to the Power :: as the Circumference of the Circle 2823 
by that part of the Leaver to which the Hand is applied: 
the Diſtance between two Threads. So in Fg. 13. as the Cir. Plate 11. 
cumference of the Circle whoſe Radius is AH : to Ce the Di- Fig. 13: 
ſtance of two Threads of the endleſs Screw CD : : ſo is the 
Reſiſtance of the Teeth of the Wheel I : to the Power ap- 


plied at H. 


64. Bur if the Weight W#* be driven along on the Wedge * Plate 11; 
HF & in the Direction W w parallel to the Surface of the Wedge, Fig. 7. 
then will this Caſe be the ſame as that of the inclin'd Plane Þ ; + 49. 

and therefore the Analogy for the Screw in the Progreſſion of 


it will be, 


As the Spiral Line HDI :* 
To HI the Diſtance of two T beende : (or as the Hypo- EN 
tenuſe F H : to the Perpendicular H G) : Fig. 7 8 


So is the Weight : 
To the Power applied to the Arbor at A in a ſpiral Di- 


rection parallel to HD IC. 


Tax 9th Figure repreſents the Practice of this, hell . 


Fema le Screw DE be brought down on the Male Screw to- Fig. 9.10, 12. 
wards 


T20 
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Lect. III. 4 the Plank B, or the Plank B and its Screw be brought 
"On up toward DE by ſcrewing its Screw up higher into the Box 


Ann. 1 


13. 


or Nut DE. Therefore when Handles as D and E are uſed to 
increaſe the Force, the Weight: will be to the Power :: as the 
ſpiral Circumference deſcrib'd in one Revolution by their Ends 
to which the Power is apply'd: to the Diftance between two 
Threads of the Screw. The Thread of the Female Screw within the 
Nut or Piece of Timber with the Handles, is repreſented by the 
prick d Lines in Fig. 12. compar'd with Fig. 8. 


Tuts Caſe is applicable in Practice to the Screw at the End 


of Gimblets, to facilitate the boring of Wood ; to the bringing 
down the Nuts in large cold Preſtes, and to the common Ute 
of Screw-Pins for holding together the Parts of Machines. 

THe greateſt Part of Mechanical Writers have only taken 
Notice of this laſt Proportion of the Force of the Screw. 


65. Tuo' in the Theory, if the Product of the Intenſity of 
the Power into its Velocity does ever fo little exceed the Pro- 
duct of the Weight into its Velocity, the Power muſt raiſe the 


Weight; yet here the Power, or its Velocity, muſt be ſenſibly. 


increaſed to produce this Effect in Practice, by reaſon of the 
great Friction in the Screw, which is the fame that we have 
taken notice of in the Wedge; only we are to obſerve, that 
there is more Friction in the ſharp than the ſquare Thread, 
which ay appear by a Sight of the 14th Figure *, where 
B ACD repreſents the Section of a ſquare Thread, and bad 
the Section of a ſharp Thread. As the Part A C does not touch 
the Female Screw, which only bears with its Force and Weight 
upon the Flat A B, the Line AB in the ſquare Thread com- 
par d with ab in the ſharp Thread (on which Part the Female 
Screw bears) will ſhew the Friction to be leſs on the ſquare 
Thread. in proportion to thoſe Lines, belides the eee to be 


confidet d elſewhere = 


56. Tar Diſadvantage to the Force. of the "ES omen d 


by the great Friction in the Screw is fully recompens dein the 
Uſe of that Machine; becauſe, on that account, the Screw con- 
tinues to ſuſtain the Weight even after the Power i is remov'd, or 
ceaſes to act, or to preſs the Bodies againſt which the Power 
had driven it; whereas in the Balance and Leaver, and other 
mechanical Powers (except the Wedge of which the Screw is made) 


th: 


OO” OR or ro 1 = CFE 


. 


4 Courſe of Experimental Philoſophy. 121 


the Weight ceaſes to be ſuſtain'd, and goes back when the Power Led. III 
ceaſes to act. The Reaſon of this is, that Weights when they are 
rais'd by Screws endeavour to deſcend perpendicularly, where- 
as the Screw has been puſh'd againſt them very obliquely, fo that 
it can only be puſh'd back again in that oblique Direction, which 
cannot be given to them by the Gravity of the Weight tending 
downwards, if there be the leaſt Friction againſt the Thread of the 
Screw: So likewiſe when a Body is preſs'd by a Screw, its Sur- 
face re-aQs in Lines perpendicular to it, that is, in the Direction of 
the Arbor of the Screw; whereas the Screw cannot be driven back 
unleſs it be mov'd in the Direction of its Thread, which makes a 
great Angle with the Axis of the Arbor. Thus the * Plank K &, Fl. 11. 
Fig. 10. cannot fall down in the Direction of its Gravity towards Fig 10. 
ML, unleſs it could cauſe the Screws to move in the Direction B & 
or Dd. Neither can the Teeth of the Wheel I *, Fig. 13. Pl. 11. 
preſſing againſt the Screw Ce D in the Direction CB move Fig. 13. 
the Screw, or cauſe the Handle H, to move in the Direction of 
the Circle whoſe Radius is A H, tho' the Power which went 
round in that Circle be remov'd, and the great Weight W does 
very ſtrongly endeavour by the Axis EF to turn the Wheel I. 

HENCE appears the great Uſe of the Machine of Fig. 10. 
which by means of the ſtrong Piece I, may ſupport the Side 
of an Houſe, and ſeveral of them applied in different Parts can 
ſuſtain a whole Building whilſt the Foundation is mended or 
renew'd, 


67. WHETHER the Screw be conſider d as a Wedge or an 
inclin'd Plane, it. follows from what has been ſaid, that the 
cloſer the Thread of the Screw is, the greater is its Force, and 
the more advantageous the Friction; the Power bringing forward 
the Screw with moſt eaſe, and the Difficulty to puſh back the 
Screw becoming the greater. 725 | 


68. As Percuſſion is uſeful in the Wedge to leſſen Friction; 
ſo in ſome Caſes there is a kind of Percuſſion uſed to drive on 
a Screw, as in Printing, Coining, and Sealing Inſtruments with 
large Seals, where a great Preſſure is requir'd; and that is done 
by a Fly, which is a Balance going thro' the Arbor of the Screw, 
and loaded with Weights at its Ends, or ſometimes only one 
Brachium of it, as in the Printing-Preſs. 
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HERR inſtead of the Hammer or Mallet, which comes on up- 
on the Back of the Wedge with an accelerated Motion in a 
circular Direction to drive it into the Wood; the Weight of 
the Fly comes down alſo with an accelerated Motion, but on an in- 


clin'd ſpiral Plane, and thereby having overcome the Friction of 
the Threads of the Screw as it deſcends, puſhes the End of it with 


great Force againſt the Bodies to be preſs'd. But this will be far- 
ther explain d bereafter in another Lectus e. : 


69. Tn x Friction of a Screw join'd by a Fly is often made 
uſe of to regulate Motion by retarding a Weight which would 
deſcend too faſt, reducing the accelerated Motion of an heavy 


Body in its Deſcent. to one that is uniform, by deſtroying juſt 


as much Force as Gravity would ſuper- add to the deſcending Body 
in Motion. But we ſhall explain this more fully when we ſpeak 
of the Fall of Bodies. 1 | 

 Tnro' Balances, Leavers, Pullies, Axes in Peritrochio, and even 


Wedges can be made to act upon one another to increaſe the 
Force of the Power (as has been ſhewn in the Conſideration 
of the Leaver, Pulley and Axis in Per:trochio;) yet Screws can- 
not be applied to each other directly, without the Intervention 


of ſome other mechanical Power: but in Compoſition with o- 
ther mechanical Powers or fimple Machines, the Screw will ſerve 
to make an Engine of vaſt Force, Which leads me to the Con- 
fideration of 


Componnd ENGINES. 
| 50. f 1 E ien of two or more of the ſimple Ma- 


chines, for the Uſes of Life (whether they be of the ſame or 
of different Kinds) by means of a Frame of Wood or any Me- 


tal, makes what we call a compound Engine. As it would be 


endleſs to recount the ſeveral Sorts that are made uſe of, we 


ſhall only give an Account of ſome few, whereby we may 


judge of what may be performed by any Engine which has 
been made, or may be hereafter put in Execution, upon fight 
of an exact Draught of the intended compound Machine; that 
we may have a juſt Value for what is or may be uſeful, and 
not be deceived by Pretenders to Perpetual Motions, and thoſe 
who promiſe greater Effects by Machinery than is conformable 
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to the reciprocal Proportion between the Intenſities of the Powers Lect. III. 


and Weights and their Velocities &. 2 


i. THE two Machines repreſented in Fig. 1 and 2, of * Plate * Pl. 6. 
6. repreſent the Scorpions which the Ancients uſed in War for Fig. 1. 2. 
throwing Stones, as I have deſcrib'd them already ; I only take 45 L. 2. 
notice here, that they are compounded of a forked Leaver, two "OW 
Axes in Peritrochio, and two Pullies, which laſt in Fig. 1, only 
direct the Rope as they are Rollers. but double the Force of Pow- 


er in Fig. 2. 


72. Tye Water-Engine of Plate 7. Fig. 14 and 15, conſiſts *, 1. 7. 
of two Leavers E D and I K, and its Uſe is deſerib'd where it 
is firſt mentioned . | | 80 
the Ed. 

73. Tye 14th Figure of Plate g. repreſents a Machine of 
great Force, compounded of three Leavers acting upon one ano- 


ther as deſcrib'd above *. 5 


Fig. 14. 


74. Tm o' in the tenth Plate, Fig. 4, 5, 6, 7 and 8, the Ma- 
chines repreſented are made up of ſeveral ſingle Pullies or 
Sheevers (Wheels moving round a Center-pin) like that of Fig. 1. 
yet as the ſame Rope runs over or under them all, they muſt 
be confider'd only as one Machine; for the Workmen call them 
by the ſingle Name of a Pulley or a Pair of Bhcks; and the 
Ancients conſider'd a ſingle or many Pulleys join'd in the manner 
repreſented in thoſe Figures only as one Engine, which they 
call'd by various Names, according to its Number of Shee- 
vers; as Monopaſtum when it had but one, Diſpaſtum when it 
had two, Triſpaſtum when three, Tetraſpaſium when four, Pen- 
taſpaſium when five, and uſually Polyſpaſtum when it had many 


Sheevers. | 


75. Bur the Machine of Fig g, is a compound Engine; - Pl. 10 
becauſe in it the Pullies act upon each other, and increaſe the Fis. 9. 
Force of the Power in a greater Proportion than according to 
the Number of Sheevers in the others above mention'd, as has 
been ſhewn *. 75 * 41 


R 2 RE . 
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Lea. III. eel | | 
— 76. Tur 13th Fig. repreſents an Engine - compounded of 
| two Axes in Peritrochio, whoſe Operation has been deſcrib'd and 
* 47- Force calculated *. 8 | | 


77. THE gth and roth Figures of Plate 11 *, are compound 

* Plate 11. Engines, becauſe ſuch great Screws cannot be turn'd without 

PS. 1 Leavers applied to them. N. B. It is io be objerv'd, that when 
2 Leaver or Leavers carry an Axis round, in which Caſe th 

are calld Hand-ſpikes, er Bars, they perform the Office of a 

Wheel turning an Axis, and may therefore together with the Axis 

they turn be conjider'd as an Axis in Peritrochio. 5 

Tus is more evident in obſerving the Motion of the Han- 


„Plate 11. dle AH of Fig. 13 *, made uſe of to carry round the Screw and 
Fig. 13. Axis A B. | | 


78. BECAUSE a Screw, which greatly adds to the Force of 

the Power, by reaſon of its Shortneſs, raiſes the Weight but to 

a a ſmall Height; and the Axis 772 Peritrochio (for the Reaſons 

5 a6; given in the Deſcription of it“) tho' it may raiſe the Weight 

to a very great Height, or from a great Depth, does not much 

increaſe the Force of the Power; the Combination of theſe two 

Machines preſerves the Advantages of each of them, and takes 

off their Defects :. And this is done by cauſing the Threads of the 

Screw CD to take hold of the oblique or ſkew Teeth of the Wheel 

as c, and by continually turning the Wheel round to draw up 

a great Weight as W by means of the Rope which is wound 

on the Axis EF. If on the Axis E F another Screw be added, 

as at GH, to turn a ſecond Wheel L, whoſe Axis M being of 

ſufficient Length receives the Rope N inſtead of the Axis K O, 

a much greater Weight may be raiſed; or an Engine of vaſt 

Force may be made for boring hard Metals by means of cutting 

Inſtruments fix'd on the End of the Axis M, or performing O- 
perations where much Strength is requir d. 


79. A Crane is an Inſtrument of ſuch general Uſe, that we 
cannot avoid giving its Deſcription here. It is of two Kinds: 
in the firſt, only the Gibbet moves upon its Axis, and in the 
ſecond Kind call'd the Rat-tail d Crane, the whole Crane, with its 
Load, turns upon a ſtrong Axis. : 

| Os 


4 
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80. TE firſt ſort of Crane is repreſented by the iſt Fig. of 
Plate 12. ſeen in Profil. L BED is a Section of that Part of a * PI «2. 
Wharf on which it is fix'd, LB being the horizontal Line, F. 


AC is a ſtrong horizontal Piece of Timber making the upper 
Part of the Crane, into which are fram'd the three upright 
Pieces X, Y, Z, (of which, the laſt call'd the main Piece, is ſtron- 
ger than the others) with its Cill I E, and its Braces H I and 
YE longer and ſtronger than the Braces and Cills M N and DS 
of the other two upright Pieces, and pinn'd with Iron where the 
others are only pinn'd with Wood. When the Wharf is not of 
Stone-Work where the Crane is fix'd (as is here repreſented) 
the three Cills muſt be all in one Piece, reaching from D to E. 
Four Braces, ſuch as K, join the Upright to the horizontal Pieces. 
To the abovemention'd horizontal Piece is fiſten'd with ſtrong 
Iron Pins, a ſhort Piece PP, having a Bell-metal Collar to re- 


ceive the Iron Pevet or Axis of the upright Shaft RF, which is 


an Axis in Peritrochio, whoſe lower End of the Axis is alſo of 
Iron, turning in another Bell-metal Collar let into the firm Piece 
of Wood F. The Axis in Peritrochio, inſtead of a Wheel, has 
four Bars e, / d, and another behind d, going thro' its thicker 
Part, which is eight ſquare, the upper Part being round to re- 
ceive the Rope. When this Piece is hoop'd with Iron above and 
below 4, it is beſt to uſe but two Bars inſtead of four, puſh- 
ing them quite thro”, as e; and Men at each end of them go 
round in the Direction 5 O e, to wind up the Rope and raiſe 
the Weight at the End of it. This upright wooden Axle, with 
its Bars, is call'd the Capſtane of the Crane (every ſuch Axle 
being call'd a Capſtane when it turns in a perpendicular Situation, 
like that of the Capſtanes in Ships, and a Windleſs when it runs 
in an horizontal Poſition, tho' it ſhould be for the ſame Purpo- 
ſes as the other) and the Rope Rr, which goes firſt over the 
Pulley or Roller T, then between the Pulleys-P and Q_ ; and laſt- 
ly over the Pulley r, has at its Ends a double Iron-Hook, call'd a 
Ram's-head, to which the Goods to be craned up are faſten'd. 
The Gibbet GVB is moveable upon its Axis CB, by means 
of the Iron Center-pins or Pevets at its Ends B and C; fo that 
when the Weight is rais'd up ſufficiently high, by a ſmall Rope 
faſten'd to it, or to the End of the Gibbet at g, it may be eaſi- 
ly brought from over the Ship or Barge, ſuppoſed on the Wa- 
ter at W, to a Cart, or any other Carriage on the Wharf to- 
| wards 
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Lect. III. wards w on the right or left of the Piece Z. There is a Roof 
— or imall wooden Shed A2 Q to ſhelter the Rope from Rain, 


when the Crane is not in uſe, the Gibbet being brought under it 
towards L. | : 

TAE ſecond Figure * ſhews the Plane of the upper Part of the 
Crane, or as it would be ſeen from above, where we are to ob- 
ſerve the Poſition of the Pulleys P and Q, and of the Place of 
the Center of the Gibbet which muſt be at C, in a Line touch- 
ing the Circumference of both the Pulleys; for if the ſaid Cen- 
ter of Motion of the Gibbet were in a Line with the Center 
of the Pulleys, the Gibbet when loaded would require a Force 
to bring its End g over the Wharf on either Side; and that Force 
ceaſing to act, the Weight and Gibbet would run back, and reſt 
over W. See this more particularly -explain'd in the Notes, 
where the 3d Figure, being Part of the Crane and various Situ- 
ations of the Gibbet and Rope drawn by a larger Scale, is conſi- 
der'd *. = 2 

Tr1s Crane is very expeditious with many Hands, it being 
always requiſite that ſome ſhould ſtand at the Bars to keep the 


Weight from running down again, which might be of dange- 


rous Conſequence. But if inſtead of the Capſtane at O, there 
was an Iron endleis Screw, and horizontal Wheel and Axle (com- 
monly called a Worm and Wheel) fixed to the Piece X made 
very ſtrong for that Purpoſe, or a Machine in the manner of 


Fig. 13. of Plate 11. only with a Pinion inſtead of a Screw at 


GH, making the Axis EF ſhort and the Axis M long, to re- 


ceive the Rope; then two Men, nay ſometimes one Man, may 


eaſily draw up Goods from a Barge ; becauſe by the Reſiſtance 


of the Screw againſt the Teeth of the Wheel the Machine will 


hold the Weight at any Height, whilſt the Man quits the Han- 
dle to bring the Weight by the Guide-rope faſten'd at g * over a 
Cart on the Wharf to receive it; and yet the Weight will go 
down gently of it ſelf, if a Man with a ſudden Jerk ſets the Han- 
dles a going the contrary way to that whereby he rais'd the 
Weight, which is convenient for loading the Cart. N. B. This 
ſudden Impulſe on the Handles does to the Screw what a Blome 
does to the Wedge to ſet it a going*, As this laſt ſort of Crane 
with a Worm and Wheel does very much increaſe the Force 
of the Power, I need not put the Reader in mind that more 
Time muſt be ſpent in raiſing the Weight; becauſe the Velo- 
city of the Weight, compar'd with that of the Man's Hand who 


turns 
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turns the Handle, muſt be diminiſh'd in a reciprocal Proportion Lect. III. 
of the Intenſity of the Weight to the Intenſity of the Man's 
Force* : This being true in all coumpound as well as ſunple 
Engines. 


81. Trex fourth Figure * repreſents the Rat etui] Crane, not 
only uſeful on a Wharf to crane up heavy Goods, but al- 
ſo of great Service in Building to raiſe great Stones and bring 
them round to any defign'd Place. It confiſts of the fol- 
lowing Parts. On the Croſs-ground Cills L ELL LL is ſup- 
ported and fix'd by oblique Braces the ſtrong upright Piece K, 
call'd the Gudgeon of the Crane, on whoſe upper Part or Spin- 
dle 8, cover'd with Iron (and ſometimes made wholly of Iron) 
the whole Machine turns, being eaſily mov'd from C to G, 
when it is charg'd with its Load H. C A is the Counter-wheel 
with its Axis DB, bearing only on the Iron Ends of the faid 
Axis in two hanging perpendicular Pieces at B and 5; FF is the 
Brace and Ladder, whoſe Top F carries the Pulley above the 
Weight, the other Pulleys being in the Ends of the Pieces M, N, E; 
the remaining Parts are too plain in the Figure to need farther 
Explanation. The Power is ſometimes applied by means of a 
Rope on the outer Circumference of the Wheel A, but moſt 
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Pl. 12 


Fig. 4. 


commonly Men, or an Horſe, or an Aſs, turn the Wheel round 


by walking in it. Sometimes alſo Strength is gained by having 


the Counter-Wheel made with Teeth, and giving Motion to its 


Circumference by means of a Pinion. 


82. THE 5th Figure * repreſents a Jack, which is an Inſtru- 
ment of common Uſe, for raiſing heavy Timber or very great 
Weights of any kind; but as the Wheel-work of it is ſhut up 
in the ſtrong Piece of Timber CB, I thought it not impro- 
per to repreſent the Inſide of it in Fig. 6. * where you muſt only 
ſuppoſe the Rack AB at leaſt four times as long in proportion 
to the Wheel Q (the Figure of the Rack being here contracted 
for want of Room) and the Teeth, which will then be four 
times more in Number, to be contain'd about three in an Inch. 
Then if the Handle be ſeven Inches long, five Turns of it, that 
is, five times 22 Inches, or 110 Inches, will be the Velocity of the 
Power; whilſt the Weight rais'd by the Claw A, or depreſs'd 
by the Claw B, moves one Inch: for as the Pinion has but four 
Leaves, and the Wheel Q_ twenty Teeth, there muſt be five Re- 
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volutions of the Handle fix'd to it to turn the ſaid Wheel once 


round, whoſe three-leav'd Pinion R will in that Revolution juſt 
move the Rack three Teeth, or one Inch. This might have 


been alſo known without ſeeing, or even knowing the Num- 
bers of the Teeth of the Wheel and Pinions, by meaſuring a Re- 
volution of the Handle in Fg. 5. and comparing the Space gone 


thro” by it with the Space gone thro' by the End A or B. 80 


in any other compound Engine, we may judge of its Force by 
comparing the Velocity of the Part to which the Power is ap- 
plied with the Velocity that moves the Weight, as has been 
before ſhewn *. Sometimes this Machine is open behind from 
the Bottom almoſt up to the Wheel Q _, to let the lower Claw 
(which in that Caſe is turn'd up as at B) draw up any Weight, 
When the Weight is drawn or puſh'd ſufficiently high, it is kept 


from going back by hanging the End of the Hook S fix'd to a 


Fig. 5. 


* Plate 13. 
Fig. 1. 


963. 


* 49. 


Staple over the curv'd Part of the Handle at *. All the Work 


muſt be made very ſtrong in this Machine, but chiefly thoſe 
Parts which immediately ſuſtain the Weight; and this muſt alſo be 
obſerv'd in all other compound Engines. | 


83. ALL the Mechanical Powers are united together in the 


Machine repreſented by the firſt Figure of Plate 13 *, which 


reſembles our common Chimney-Jacks for roaſting Meat. In a 


Frame ABCD faſten'd by the Nut o upon the Stand o O, and 


held together by the Pillars V W and B g, is adapted firſt the 
Piece EF, whoſe Fans or Flies may be put in motion by the 
Wind, or drawn by an Hair faſten'd at F, which repreſents the 
Leaver and Balance: At right Angles to this Piece is join'd the 
perpendicular Spindle G H, having upon it the endleſs Screw H, 
which may be alſo confider'd as a Wedge *. This endleſs Screw 
or Worm takes the ſkew Teeth of the Wheel K, which is the 
Axis in Peritrochio, and, in turning round, winds up the String 
LM upon its Axis, which paſſing round the Pulleys at M and 
N (or drawing by a Tackle of Five) raiſes the Weight P. But as 
the Screw has no progreſſive Motion on its Axis, it cannot here 
be ſaid to take in the inclin'd Plane; therefore to make this 
Engine take in all the mechanical Organs or Powers above men- 
tion'd, we may add the inclin'd Plane QR, by making it 
reſt on the Ground at Q R, and on the Pillar qBatqr, and 


thereby the Force of the Power drawing at F will be farther 


increas'd in the Ratio of Q T to TS*. The whole Force gain'd 
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by this Machine is found by comparing the Space gone thre? by Lect. III. 
the Point F, with the Height that the Weight is rais'd in an p- 

- determinate Number of Revolutions of F #. An hundred Pounds - 32, 47. 
Weight at P will be eaſily rais'd by the Hair of a Man's Head 8: 
drawing at F. s SL 4 =. 

84. In the Machines above mentioned, both ſimple and com- 
pound, the Power according to its Intenſity is ſo applied to 
one Part of the Machine, as immediately to act upon the Weight 
whoſe Reſiſtance deſtroys all the Force of the Power, when an 
Equilibrium is made by giving the Body mov'd and the Mover 
a Velocity reciprocally proportionable to their Intenſities, and 
when the Product of the Power into its Velocity exceeds” that 
of the Weight into its Velocity, there is no more Momentum 
left to the Power, but ſo much as it has more than the Weight. :, 
But there are other mechanical Organs, in which the Force 
of the Power is accumulated, and, as it were, condens' d, before 
the Weight is acted upon at all; ſuch as an Hammer, the 
Cock of a Fire-lock which carries the Flint to ſtrike upon the 
Steel, the Battering- ram (already mentioned by the by in ano- 
ther Lecture) the Rammer to drive Piles into the Ground, the 
Fly applied to printing or making a Stamp on Medals or current 
Coin (curſorily taken notice of in this Lecture *) and the Pen- 68. 
dulum; and in a word, whatever is made uſe of, to give a ſudden 
Blow, or ſtrong Impreſſion inftantaneouſly ; which tho' all re- 

ducible to geometrical Calculation, whereby one may be certain 
of their Effects, yet cannot be explained from the Principles al- 

ready given; and therefore the Confideration of them muſt be 
deferred till we have explained thoſe Laws of Motion on which 
they depend. In the mean time T think it not improper to 
give Sir Taac Newton's Account of all the Mechanical Powers by 
one Scheme, as he has explained them in the fecond Corollary to his 
Laws of Motion; for tho' that Explanation depends upon ſuch Laws 

as are to be hereafter confider'd, ſo much of them as is 'con- 
tained in his firſt Corollary being taken for granted, will ſerve our 
preſent Purpoſe. 5 
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85. F upon a Body * at A two Forces act at once, whoſe Intenſittes . pl. 13. 
are as the Length of the Lines AB and AC, and Directions in thoſe Fig. 2. 
Lines; the Body ſo acted upon will deſcribe the Line AD, the Dia- 
gonal of the Parallelogram compleated by drawing the two Lines CD 
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IJ Lect. III. l DB reſpectively equal and parallel to the two former; and that 
=Y Diagonal will be deſcribed by the. joint Forces in the fame Time that 


5 f * 


. 


either of the Farces fingly would have caus' d the Body to go thro the 
Line ABor AC. And as by Compoſition of Forces a Body will move 
in the Line AD; fo likewiſe a Body moving in the Line AD, the 
by the Afion of one fingle Force, may be conſidered as if it had been 
ated upon by two Forces, namely, reſolving the fingle Force into two, 
as AC and AB. 


86. Ir the unequal Radii OM*® and ON drawn from the 
Center O of any Wheel ſhould ſuſtain the Weights A and P by 
the Cords MA and NP; and we would know the Forces of thoſe 
Weights to move the Wheel: Through the Center O draw the 
right Line K OL, meeting the Cords perpendicularly in K and L; 
and from the Center O with O L, the greater of the Diſtances OK 
and OL, deſcribe a Circle, meeting the Cord M A in D; and draw- 
ing OD, make AC parallel, and DC perpendicular thereto. Now, 


it being indifferent whether the Points K, L, D, of the Cords be 


fixed to the Plane of the Wheel or not, the Weights will have 
the ſame Effect, whether they are ſuſpended from the Points. K and 


L, or from D and L. Let the whole Force of the Weight A be 


repreſented by the Line A D, and let it be reſolv'd into the Forces 
A 0 and CD; of which the Force A C, drawing the Radius 
OD. directly from the Center, will have no Effect to move the 
Wheel: But the other Force DC, drawing the Radius D O 
perpendic ilarly will have the ſame effect, as if it drew perpendicu- 
larly the Radius OL equal to OD; chat is, it will have the 
ſame Effect as the Weight P, if that Weight i is to the Weight A as 
the Force DC is to the Force D A; that is, (becauſe of the ſimilar 
Triangles ADC, DOK) as OK to OD or OL. Therefore the 
Weights A and P, which are reciprocally as the Radius OK and OL 
that lie in the ſame Line, will be equipollent, and ſo remain n #- 


guilibrio, which is the well-known Property of the Balance, the 


Leaver and the Wheel. If either Weight is greater than in this 


Ratio, its Force to move the Wheel will be ſo much the greater. 


If the Weight p equal to the Weight P, is partly ſuſpended by the 
Cord N p, partly ſuſtain'd by the oblique Plane p G; draw pH, 
NH, the former perpendicular to the Horizon, the latter to the 
Plane 5G; and if the Force of the Weight p tending downwards 
is repreſented by the Line p H, it may be reſolv'd into the Forces 


FN, HN. If there was any Plane perpendicular to the Cord pN, 


cutting the other Plane pG in a Line parallel to the — 
and 
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and the Weight Y was ſupported only by thoſe Planes y., pG; Le. III. 
it would preſs thoſe Planes perpendicularly with the Forces p N. 


HN; to wit, the Plane p Q with the Force p N, and the Plane 
þ G with the Force H N. And therefore if the Plane ꝓ . was 


taken away, ſo that the Weight might ſtretch the Cord, becauſe the 
Cord now ſuſtaining the Weight, ſupplies the Place of the Plane 
that was removed, the Force of that Weight will be obtained by 
conſidering it as the fame Force N which preſſed upon the Plane 
before. Therefore the Tenſion of this oblique Cord p N will be to 
that of the other perpendicular Cord H as pN to H. And there- 
fore if the Weight p is to the Weight A in a Ratio compounded of the 
reciprocal Ratio of the leaſt Diſtances of the Cords p N, AM, from 
the Center of the Wheel, and of the direct Ratio of pH to N; the 
Weights will have the ſame Effect towards moving the Wheel, and 


will therefore ſuſtain each other, as any one may find by Experiment. 


B u T the Weight p preſſing upon thoſe two oblique Planes, may 
be conſidered as a Wedge between the two internal Surfaces of a 


Body ſplit by it; and hence the Forces of the Wedge and the Mal- 


let may be determined: for becauſe the Force with which the Weight 
p preſſes the Plane Q, is to the Force with which the ſame, 
whether by its own Gravity, or by the Blow of a Mallet, is im- 
pelled in the Direction of the Line p H towards both the Planes, 
as p N to H; and to the Force with which it preſſes the other Plane 


5G, as N to NH. And thus the Force of the Screw may be 


deduced from the like Reſolution of Forces; it being no other than 
a Wedge impelled by the Force of a Leaver. Therefore the Uſe of 
this Corollary ſpreads far and wide, and by that diffuſive Extent the 
Truth is farther confirmed. For on what has been ſaid depends the 
whole Doctrine of Mechanics, variouſly demonſtrated by Authors, 
For from hence are eaſily deduced the Forces of Machines, which 
are compounded of Wheels, Pulleys, Leavers, Cords and Weights 
aſcending directly or obliquely, and other mechanical Powers; as al- 
ſo the Force of the Tendons to move the Bones of Animals. 
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ly becauſe- the Name Power las been given to Mechanical Organs, not 
from their Effect, but from the Effect which the Power produces by their 


ANNO TATIONS. upon the Third LEC TORE. 

f r. [1. Simple Machines, 2 called by ſome Mechanical Faculties, 
x or Mechanical Powers. ] 8 | 

: Annotat. H E Word Power here is to be taken in a very different Senſe 
i Lect. III. from what it bears in the Second Lecture, where the Word 
HG — Power (ſignifying whatſoever is made uſe of to miſe. a Weight) 
1 *L. 2. No. is defined at large; for here it only fignifies the Organ or Inſtru- 
N * ment, whereby a Power of known Intenſity is made to act upon a Weight: 
| and therefore we muſt take care not to attribute any real Force to any 
: - fimple or compound Machines, as a great many People are apt to do mere- 


AF Means. For how much ſoever the Force of a Power is thereby inereaſed 
5 | in order to ſuſtain or raiſe. a Weight far ſuperior to it in Intenſity ; yet 

N this cannot be done without loſing in Space and: Time what is gain'd in 
Force; contrary to what ſome have vainly imagined, becauſe the Vulgar 

i commonly ſpeak of a Machine as they do of an Animal, and attribute 

g | | that Effect to tlie Machine, which is the Effect of the Power by means 
1 | of tlie Machine, as it is uſualꝰ to fly, Sach a Machine raiſes ſuch a Quantli- 
| | ty of Water, or performs ſuch and ſuch Wort; when we ſhould fay, if 

1 we would'ſpeak in the proper and philoſophical Senſe, Such a running Stream, 
fuch a Fall of Water, the Wind, or ſo many Men, Horſes, or Oxen,  &c. 

raiſe:ſo much Water in ſuch a Time, & c. by ſuch or ſuch a Machine ; as we 

„ Arn. 6. have obſeru'd in the Notes of the laſt Lecture *. It were therefore to be 
3 wiſh'd, that the Word Power were confin'd to its proper Senſe, and not 
ufed to ſignify a Mechanical Organ; but as it has been cuſtomary to uſe it 

in that Senſe, I thought proper to make uſe of it; but withal to give this 

Caution. | | 


_ 


2. [3.—— Reducing all the Mechanical Poters to the Leaver, or explain- 
ing all their Operations by that of, &c.] Tho? ove may eaſily ſhew (as we 
Mall at the End of this Note) that every other Mechanical Organ does 
potentially contain a Leaver ; that is, that if ſo much of every other ſim- 
ple Engine was cut away as to leave only a Leaver, the fame reciprocal 

| - Fropor- 
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proportion between the Velocities of the Power and Weight and their Annotat. 
Intenſities; would as plainly appear on ſuch a Leaver as on the Engine, be- Lect. III. 
fore it is reduced to it: Yet we are not from thence to conclude, "that the! 
Leaver alone might be made to ſerve for the Purpoſes of all other Me- 
chanical Organs; for they are contriv'd of different Forms to anſwer to 
different Ways of working, requir'd in Mechanical Operations for the Uſes 
of Life, it being ſometimes impoſſible to uſe one Mechanical Organ inſtrad 
of another; and always more convenient to apply one than nn the 
Choice of which depends upon the Skill of the Artiſt. 
Thus in the Balance (whether a Pair of Scales or a Steel- yard) the 
Commodity to be bought, or heavy Body whoſe Quantity of Matrer is to 
be eſtimated, is not to be rais'd with any Velocity, but only ſuppoſed to 
make an Aquilibrium with a known Weight, which in this Machine ferves 
for a Power: But a Weight is ſeldom or never made uſe of as a Power in 
any other Mechanical Organs, except in ſome few, and thoſe Engines which 
the Ancients made uſe of: in War, which are now out cf Uſe. 
The Force of one or more Men is the Power applied to the Leaver; there 
the Power muſt always overcome the: Weight, by adding a little more Ve- 
locity or a little more Intenſity to the Power, over and above the reci- 
procal Proportion requir'd in the Balance. With this Inſtrument heavy 
Bodies are removed a little way at a time, as great Stones in Building, 
large wooden, leaden, or iron Pipes in Water-works, and large Pieces of 
Timber; but Leavers will only ferve to raiſe thoſe Bodies high enough to 
lay them on a Carriage, &c. 
But if we wou'd raiſe up a Stone to a conſiderable Height to Jay it in 
its proper Place in a Building, or any other Body to any Height above 
three or four Foot, the Leaver becomes ineffectual, and then we muſt uſe 
Pulleys in ſome of the Ways mention'd in this Lecture . Tackles of Pul- „3738, 39, 
leys are very convenient where there is no room for a Capſtane, and where yo, 41. 
Bodies are to be rais'd in different Places, becauſe they are eaſily moveable; 
but the Weight muſt not be too great, by reaſon that many Men cannot 
pull at once, and equally, by one running Rope; and if the Power was 
to be very much increas*d by the Number of Sheevers or Wheels in the 
Pulleys or Tackles, the Rope muſt be of a prodigious, and therefore incon- 
venient Length. 
An Axis in Peritrochio, Capftane or Windleſs, which are all the ſame 
Organ differently poſited, is of uſe where Pulleys are deficient. For Ex- 
ample, if Water is to be drawn out of a deep Well, a Wheel with Arms 
or Spokes ſerves to turn the Axle on which the Rope winds to bring up the 
Bucket or Buckets. In Building, a Capſtane whoſe Make gives the 
Power no more Advantage than a Tackle or Pulley of many Sheevers, 1s 
yet more uſeful, becauſe it will admit of eight, ten, or twelve Men to-work 
at it, and pufh its Bars, when only three or four could pull at the running 
Rope of the Pulley. If the four Bars of the Fog — are ſo long, that 


three Men applying their Strength to each of them, the Man in the 
middie of the three is at the Pitta ce of three — from the Axis of 
Motion, 
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Annotat. Motion, and the Axle on which the Rope winds is of ſix Inches and a half 
Lect. III. Diameter, thoſe twelve Men will do the Work of 72, but in ſix times more 
— Time. The ſame would be done, and in the ſame Time, by two Men 


N. 


Ne, 82. 


ſo thus occaſionally increas'd. 


walking in a vertical Wheel of 24 Foot in Diameter (ſuch as is call'd by 
ſome a Counter-W heel} whoſe horizontal Axle might be of eight In- 
ches Diameter ; and about the Weight of one Ton and a half, or two 
Tons, might thus be rais'd by either of theſe Machines. But if at a 
Wharf, where only two Men ſhould be employ'd to work at the Crane, 
it was required to draw up heavy Blocks of Marble of three or four times 
the Weight above-mention'd, (for a Block of Marble fix Foot long, four 
Foot wide, and four Foot deep, will weigh between 7 and 8 Ton) the Coun- 
ter- Wheel muſt be 72 Fcot in Diameter for an Axle of eight Inches, which 
is impracticable, on account of the Bulk and Coſt ; or the Axle muſt be 
made three times leſs in Diameter, and then it cannot be ſtrong enough to 
bear the Weight. In ſuch a Caſe therefore there muſt he a compound 
Axis in Peritrochio, ſuch as is deſcrib'd in this Lecture *, but with one 
more Pinion : for Example, if an Iron Wheel with Tecth of four Foot in 
Diameter be fix*d to the above-mention*d Axis of eight Inches Diameter, 
and that Wheel be led by an Iron Pinion of fix Inches Diameter, whoſe 
Wheel is of three Foot Diameter, and led by a Pinion of eight Inches Dia- 

meter, whoſe Handles are a Foot long, the ſame Operation will be per- 
form'd by two Men, but they muſt employ three times more Time. 
N. B. If the Teeeb of the Wheel be of Braſs, and the Teeth or Leaves of 


the Pinions of Iron, the Machine will move more ſmoothly, and the Teeth 


vear equally. | 
»- TDs Nader: of Teeth in the Wheels and Pinions may be as follows ; 


The firſt Pinion, to which the Handles are fix d, 28. 

The firſt Wheel, led by the ſaid Pinion, 112. 

The ſecond Pinion, 19. 

The ſecond Wheel, 71. | | 

And the Axis on which the Rope winds muſt be of about eight Inches, 
becauſe it immediately bears the Weight by the Rope, which runs 
over ſome upper Pulleys or Rollers that add no Force to the Power, 


If the Capſtane with Bars above-mention*d, be fix*d to do the Work for 
Which it is proper, and unexpectedly there ſhould be occaſion to lift very 
heavy Weights, there is no Neceſſity for taking it down to ſet up ſuch 
.a Combination of Wheel-work as we have juſt deſcribed, becauſe a Pair of 
Blocks to help at ſuch a time may be fix'd in any Part of the Building 
over the Place where the Weight is to come up and receive the Rope from 
the Capſtane, ſo as to increaſe the Force of the Power, according as the 
Blocks are a Tackle of Tivo, of Three, of Four, or Five, &c. and then the 


Blocks may be taken off again, and the Capſtane work'd as before. In 


the Uſe of the Counter-W heel or Rat's-Tail Crane“ the Power may be al- 


Where 
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Where there is no Room for the compound Axis in Peritrochzo of two Annotat. 
large Wheels and Pinions, the ſame may be effected by making a Worm- Lect. III. 


ſcrew of one Thread turn*'d by two Handles of a Foot long each, to lead 


a Wheel of two Foot Diameter, having 72 Skew-Teeth, and a Wooden 
Barrel or Axle of 8 Inches Diameter, the Advantage of which Machine is 


ſhe wn in this Lecture “. No. 79, 81. 


If Hogſheads or Pipes of Wine, or other Liquors, are to be let down 
into a Cellar, or brought up out of it, a Plank is laid along the Stairs, 
which in that Caſe is an inclin'd Plane, the only mechanical Organ fit for 
that Purpoſe: So likewiſe in making Reſervoirs for Water, in Gardening, 
and in building Fortifications, where Carts can't come; inclin*d Planes made 
of Wood ſerve effectually for Wheel-barrows to run on in removing the 
Earth from a lower to an higher Place. 

In cleaving Wood, the Wedge only is of Uſe; for an Hatchet, which 
may cleave ſmall Wood, is only a Wedge with an Handle. Another con- 
ſiderable Uſe of a Wedge, is the raiſing up a Beam to underprop it when a 
Floor begins to give way, by reaſon of too great a Burthen laid upon it, 
as in a Ware-houſe; and ſo much Force may be applied this way, that 
ſome thouſand Tons may be rais'd up together with the Floor, and all 
ſecur*'d by means of this ſmall Machine. For tho* Screws turn'd by long 
Leavers might ſerve in a great meaſure for the ſame Purpoſe ; there muſt be 
Space to go round with the Hand-ſpikes, which cannot be had when the 
lower Part of the Ware-houſe is full of Goods, without removing them 
with great trouble and coſt. See the manner of performing this in the 4th 


Figure of Plate 13. 


% 


B A5 DE C is a Beam, which in the horizontal Situation, mark*d by Plate 13. 
the prick*d Lines B * and C D, ſupports a Floor. Now when very great Fig. 4. 


Weights being laid upon the ſaid Floor, make it give way and bend into 
the Curve B A 6, or, which is the ſame, C E D, an upright Poſt P p is fra- 
med into a ſtout Plank F F, and an horizontal Piece E (here ſeen end-ways) 
is ſlip'd under the Beam, and on the Top of the Poſt ; then the two wooden 
Wedges W, w, as broad as the Poſt, are driven in with heavy Hammers, 
in ſtriking at once in contrary Directions, ſo as to ſet the Beam ſtreight, 
and reduce the Floor to its place, without removing any of the Goods that 
lie on the ſaid Floor, or moving any of thoſe below, but juſt to make room 
for the Poſt and Plank. 
The Uſes of the Screw for raiſing, ſinking, drawing, puſhing, preſſing, 
or joining together Bodies, are commonly known; and it is evident by In- 
ſpection, that no other of the mechanieal Organs will anſwer the ſame Pur- 
ſes. | | 
| Now we will ſhew how all the mechanical Organs or Inſtruments may be re- 
duced to the Leaver. OE | „ 
This has been already ſhewn concerning the Roman Balance (and is ap- 
plicable to the common Pair of Scales) by the 6th Experiment of this 


Lefure . 


N.. 
Secondly, Pl. 9. F. 11. 
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Annotat. 


Lect: III. 
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| Secondly, Pulleys are thus reduc'd to the Leaver . An upper Pulley as 


ED (Plate 10. Fig. 3.) appears plainly to be a Leaver of the firſt Kind, 


== by cutting away all the Sheever, except the prick'd Line E D, which about 


© Plate 10. 
Fig. 3. 
+ Plate 10. 
Fig. 4. 


Pl. 9. F. 14. 


the Center C keeps in ÆAquilibrio two equal Weights. In the 4th Figure + 
the lower Pulley g e, by leaving only the prick*d Line ge, and Center-Pin 
c, appears to be a Leaver of the ſecond Kind, whereby a Power applied at 
g, does in the Direction g d raiſe a Weight W ſuſpended at the Center-Pin 


c. It is here evident, that e is the fix'd Point or Fulcrum of the Lea- 


ver, ge the Diſtance of the Power, and ce the Diſtance of the Weight; 


and accordingly, in the Experiment, the Power P: is to the Weight W:: 


as ce: to ge:: 1:2. And by comparing the compounded Leavers of 


Pl. 10. Fig. . Plate 9. Fig. 14. with the Syſtem of Pulleys of Plate 10. Fig. 9. one may 


N. 32. 


ſee that the four Pulleys reduc'd to their horizontal. Diameters, act upon 
one another as four Leavers of the ſecond Kind, in every one of which the 
Diſtance of the Power is Two, and that of the Weight is One, and there- 
fore the Ratio compounded of them all *, is that of the Weight to the 
Power, or 16 to 1 ; for 2x2x2x2=i6. Or comparing this Syſtem of 
lower Pulleys with Fig. 5. Plate 3, which is juſt ſuch a Syſtem or Aſſem- 
blage of , Leavers of the ſecond Kind, where the Leavers are mark*d with 


Pl. 13. F. 5- the fame Letters, as well as the Forces pulling down each Leaver “. 


Plate 10. 
Fig. 14. 


One may, by the 11th Figure of Plate 10, eaſily reduce an Axis in Pe- 
ritrochio to a Leaver of the firſt Kind, repreſented by the prick'd Line 
E T; the fix*d Point being at K, the Power being applied at E, and dif- 
ferent Weights ſucceſſively at the Points A, B and T, cutting away the 


reſt of the Machine. But as the Rope ſuſtaining the Weight does not 


move in the ſame Plane as the Rope drawn by the Power, it is better to 
conſider it as a Leaver of the firſt Kind twice bended, and an Axis of 
Motion going thro' one of the bended Parts, as in the 6th Figure *, where 
the bended Leaver A Cc B moves on the Axis I I, fix'd in the Frame 
IK LI. Be repreſents the Radius of the Axle, and A C the Radius of 
the Wheel, ſuppoſing B r and A C in the fame Plane, and at right Angles 
to the Axis; other wiſe, if oblique, they muſt be reduced to right ones, by 
calling the Lengths only the perpendicular Diſtances of B and A from the 
Axis II: Then P being the Power, and W the Weight, the reciprocal 


vO 


Proportion will be thus, AC: Beæ:: W: P. | 


To reduce the inclin'd Plane to a Leaver, we muft look for a bended 
Leaver in the Weight rolling up the Plane, whoſe Arms ſhall be as the 
Length of the Plane to its Height. | | 8 1 

Since the Triangle A BC* is ſimilar, to w Y B (by 4. 6. Eucl.) and 


0 Y B ſimilar to w BN (by 8. 6.) in the bended Leaver w BN, w B: 


B N:: AB: BC. Nov, ſince 2 N is the Line of Direction of the Weight 
, that Weight may be conſider'd as prefling on NE the ſhort Arm of 
the Leaver at the Point N, the Center of Motion being at B, where the 


ſpherical Weight touches the Plane, and the Power applied at right An- 


gles ar the End w of ww QB the longer Arm of the Leaver; therefore, calling 
the Power, and w the Weight, P: w:: NB: Bw::AB:BC. 


- 


N. B. 


S Ay 4 i. wwd 


7 ov 
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N. B. Here the Power by a Rope over the Pulley M, draws in a DireFion Annotat. 


parallel to the Plane ; but if it drew in any other Direction, one might Lect. III. 
calculate the oblique Force of the Power by means of a bended Leaver. 


But wwe muſt refer this io our particular Obſervation of the incliwd Plane, 
and ſftatical Conſiderations, in other Notes; except the Direction parallel 
to the Baſe, which reduces the Wedge to the Leaver. 
Now the Triangle A B C muſt repreſent the Wedge, which being driven 
under the Weight, makes 1t riſe up the perpendicular Height C B, while 
the Power drives the Wedge the Length of its Baſe A C, or, which 1s the 
ſame thing, the Power I draws in the Line @ r parallel to the Baſe A C. 
Here the bended Leaver is OB N, with the ſhort Arm N B ſupporting 
the Weight at N, while the Power faſten'd to O draws the Arm O B at 
right Angles. | | 
Authors have ſhewn other ways of reducing the Wedge to a Leaver : 
For example, the Wedge BF C * of Plate 13. Fig. 7. is conſider'd as a » plate 13 
Leaver of the ſecond Kind, whoſe Fulcrum is at F, and the Weight at Fig. 7. 
W); which moving round the Center of Motion F, by a Power carried on 
at the End of the Leaver from A to L, raiſes up the Weight W. Or 
elſe, the Leaver being kept by the Prop B, ſo as always to make the 
| fame Angle with the Horizon, is carried on from the Poſition C F B into 
the Poſition c fb, the Fulcrum advancing forwards along with it to raiſe 
the Weight to w. In the 8th Figure*, where two Bodies are ſeparated to „ pute * 
repreſent the cleaving of Wood, the Wedge is reduced to two Leavers pig. 8. 
of the firſt Kind, having the Fulcra at F, f, the Weights at W, , and 


the Powers at L, I. Or in the gth Figure F, two Leavers of the ſecond + Plate 13. 


kind are ſuppoſed to be very thin, and thruſt in between the two Weights, Fig. 9. 
ſo as to preſs againſt each other's Ends, and make a common Fulcrum at 

F, the Powers moving from L, I, to @ and 5, while the Weights W, , 

are ſeparated : or elſe (what comes to the ſame thing) the ſaid two Lea- 

vers being join'd in a fix*d Angle by the Prop L, I, (Fig. 10*. ) are conſider'd . plate 13. 
as thruſt in between the Weights, while the common Fulcrum advances Fig. 10. 
in the Line F G. But becauſe in all theſe ways of explaining, the Di- 

ſtance of the Power (and conſequently its Force) is continually changing, 

which 1s not true in the Wedge ; I would rather propoſe another Method, 


which will agree with the Caſe of the ſingle Wedge or double Wedge (diſ-  - 


tinguiſh*d thus, as the Inſtrument acts with one or both Surfaces *) always No. 55, 56. 


making the Diſtance of the Power and Weight to keep the Proportion 
agreeable to the Angle of the Wedge. As for example, in the Wedge 
LF W, Fig. 11. LFW is a bended Leaver, whoſe ſhort Brachinm , W 
always remaining the ſame, lifts up the Weight , and brings it to , Fig. 3 
whilſt the Leaver turns round the Center F, the Power at L decſribing the | 
Arc LI: So in the double Wedge Fig. 12. * two bended Leavers, moving - Plate 1 3. 
round the Center F, by their ſhort Arms F W, F , ſeparate the Weights Fig. 12. 
W, w; and when they have brought them round to X and , the long 
Arms LF, 7 F turning round F in the Arcs LM, IM, one may ſee that 
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the ſame thing is perform'd as if the whole Wedge F M had been driven 
between them in the Direction NM. 5 


— — Having ſhewn that the Screw acts either as an inclin*d Plane, or as a 


Wedge, it is evident that what has juſt been ſaid reduces it to a Leaver. 


3. [| —The Quantity of Friction in Engines will be conſider d, &c.] That 
there is a Loſs of Force in the working of Engines on account of the 
Rubbing or Friction of their Parts, has been obſerv*d by moſt Writers of 


Mechanics; but that Friction has not been enough conſider'd by them: 
Upon Which account, ſeveral Perſons (who having applied themſelves to the 


Study of Mechanics, are not yet much acquainted with the Practice) imagine 


by comparing the Effects which are perform'd by means of ſuch Engines as 


they examine with the Powers applied to them, that the Machine muſt be 
very ill contriv*d, becauſe the Effect does ſo much differ from the Calcula- 
tion which they make excluſive of Friction; ſuppoſing indeed, that ſome. 
thing is to be allow'd on that account, but nothing near what they find 
to be loſt in Force. Poſſeſs'd with this Notion, Projectors contrive new 
Machines (new to them, tho' perhaps deſcrib'd in old Books, formerly 
practiſed and then diſus'd and forgot) which they ſuppoſe will perform 


much more than they have ſeen done with the ſame Power; becauſe they 


allow too little for Friction. Full of this they go to the Charge of 70 or 
80 J. for a Patent for their new Invention; then divide it into Shares, and 
draw in Perſons more ignorant than themſelves to contribute towards this 
(ſuppos'd advantageous) Undertaking ; till, after a great deal of Time 
and Money waſted, they find their own Engine worſe than others which 


N they hoped by many degres to excel. This has been very much the 


Practice for theſe laſt twenty Years : For tho*. ſome Projectors have been 
altogether Knaves, yet the greateſt part have firſt deceiv'd themſelves 


and thoſe who are really. deceiv'd, by their eagerneſs and earneſtneſs moſt 


eaſily deceive and draw in others. For this reaſon, I thought it would be of 


Uſe to the Publick, to give as full an Account of Friction, as I poſſibly 
could gather from the Experiments made by others (eſpecially the Members 


of the Royal Academy at Paris) and my own Experiments and Obſerya- 
tions. DRIES | 

We ſhall not here conſider, that Friction or rather Reſiſtance which a- 
riſes from an ill Contrivance of the Parts of an Engine which are to act 
upon one another by Application; making thoſe Parts act obliquely which 
ought to act at right Angles, or at leaſt more obliquely than they ſhould 
do; that being owing to an incomplete Theory or a bad Workman. But 


- 


only that Friction, which is unavoidable from the Nature of the Materials, 


however poliſh*d, at the firſt making uſe of an Engine; and that which 
time brings on, as the Parts wear unequally, or grow ruſty or rotten for want 
of Oil, Greaſe, or by conſtant Uſe : So that the touching Surfaces, whica 
were as ſmooth as the Hand of a ſkilful Workman could make them, be- 
come very rough and uneven by this means, and aud much Friction to that 


which, on account of the Nature of the Materials, could not be avoided 
| | al 
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at firſt. So an old Jack for roaſting Meat requires more Weight to make Annotat. 
it go when the Pivots and their Holes are pretty much worn; and a well Lect. III. 
made Lock grown ruſty for want of Oil to guard it from the Action o/. 
the acid Salts in the Air will not without difficulty be open'd with a ruſty | 
Key; tho' the Figure both of the Lock and Key be as perfect as at firlt. 
Wood will grow rotten, and ſwell beyond, or ſhrink from its firſt Dimen- 
ſions by the Weather; and Cords run round Pulleys, or wind about Rol- 
lers with more difficulty according as they ſtiffen by wet, or any way be- 
come more twiſted, | | 
To proceed methodically, we will conſider the unavoidable Friction of the ſim- 
ple Machines or mechanical Organs ſeverally. i 
The Leaver, in reſpect to the Work done with it, is ſubject to very lit- 
tle Friction, moving on a ſmall Surface croſſing the Inſtrument like a Line 
where 1t is applied to the Prop or Axis of Motion; which in Theory is 
conſider'd only as a Point, and call'd the Center of Motion. 
When the Balance (whoſe Make is neareſt to that of the Leaver) has no 
more Friction in proportion to its Length than the Leaver; yet it has a 
great deal too much for a nice Balance, as may be found by Experience. 
Few of the Scale-makers know wherein the Nicety of a Balance conſiſts ; 
but generally follow a Faſhion, or, when they would excel, endeavour to 
out-do one another in Ornaments or a fine Poliſh, conſulting Beauty more 
than Uſe ; and thinking the Buſineſs is done if they have brought the Ba- 
lance to turn with a ſmall part of a Grain. 
For the Benefit of thoſe who would make, and thoſe who would uſe 
very exact Scales, I ſhall here mention the Faults I have found in Scales 
eſteem'd extraordinary good ones; and ſhew in what manner I think ſuch 
Faults may be avoided ; as alſo the utmoſt that may be expected from a 
well-made Balance. 5 
Mr. George Grabam and I, laſt Summer, in order to try ſome Experiments 
with Brigadier Armſtrong, Surveyor of his Majeſty's Ordnance, examin*d 
a Pair of Scales made by a very nice Workman, and kept in a Glaſs Caſe, 
that the Air might have no Power over them. Theſe Scales were thought 
extremely nice, becauſe they turn'd with the 256th part of a Grain ; but 
upon Examination they appeared to differ from that Nicety, ſometimes three 
of the Parts above-mention*d, which made us imagine one Brachium longer 
than the other ; but at laſt we found that this Difference was owing to 
the Situation of the Axis of Motion; for if in the Circle A a BH, (on * Plate 13. 
the lower part of which the Axis or ſharp Edge of C ought to bear at A) Fig. 13. 
the ſaid Edge ſhould not reſt at A, but at @ or 5, the Brachium on the 
other Side of A will preponderate; which it did in our Trials, to as to 
make a Difference three times greater than what turn'd the Balance in its 
true Situation. Now ſince the Friction increaſes in proportion to the 
Weights bearing on the Axis of Motion, (as we ſhall hereafter ſhew) 
this Error will increaſe in the ſame manner and become conſiderable, as 
heavier Bodies are weigh'd ; ſo that when we think we have an Ægquili- 
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Annotat. Ends in the Scale, we ſhall upon letting it down again find the Æquilibrium 
Lect. III. to be loſt; ſo difficult it is to lay the Edge or Axis of Motion upon the 
Loy ſame Place which it had before, or to give it a true bearing at firſt over 
| the lower Part f the Ring at A. There is alſo another Fault which 
Scale- makers are ſometimes guilty of, which is, not to make the Bracbia 

nicely of a length ; and then to hide that Error, they adjuſt the Balance 
by filing away tome of the Thickneſs of the longeſt Part of the Beam, and 
{ſometimes by the Scales. Others again, by making Ornaments in a nice 
Balance weaken a flender Beam juſt under the Axis, where it ought to be 


ſtrongeſt. | 
To make 2 very exact Pair of Scales, the following Directions ſhould be 


obſerved. | | 

1. The Axis C muſt be made of good Steel harden'd and well poliſh'd, 
but the Edge of it muſt not be ſo fharp as to cut. 

2. The two Rings on which the Axis is to bear, fuch as A a, B 5, muſt 
alſo be of hard Steel and well poliſn'd, but the lower Part of them ſhould. 
be the narrow end of an Oval, the Hole being of the Figure K. The 
Planes of theſe Rings with the Pieces that carry them (here repreſented 
by mn as broken, with the Examen o between them alſo broken) muſt be 
exactly. parallel to one another, and one and the ſame Line mult be their 

common Axis. | | 

N. B. If theſe Rings were made of Agate, or any harder Stone well poliſb'd, 
they would do better than Steel. EEE 

3. The Points of Suſpenſion of the Scales, ſuch as 8, muſt be exactly 
equidiſtant from C the middle of the Beam, and the lower Part of the 
Hole 8, muſt be a ſharp Edge of hard and poliſh'd Steel. 

4. Each Scale being fitted with its Hook and Strings, muſt be weigh'd 
ſingly in another Pair of Scales, obſerving to weigh each of them in the 
ſame Scale againſt the ſame Counterpoiſe in the other Scale, without ſha- 
king the Beam to alter the Poſition of the Axis in the manner above- 
mention'd. | h 

5. When the Beam being fuſpended, does by its Examen (that is, the 
lender perpendicular Piece over the Axis) appear to have its two Brachia 
exactly in Aquilibrio ; to try whether the Points of Suſpenſion are exactly 
equidiſtant from the Axis at A, hang on the Scales (prepared as before 
directed) and if they are in A#9a:librio, and continue fo upon changing them 

for one another, then you may be ſure that both Scales and Beam are well 
adjuſted. | 

6. But if by the preponderating of one Scale, the Beam appears to be 
unequally divided ; then with a Pair of Pliers bend the Part L of the 
Hook, in order to bring S nearer to, or to remove it farther from the 
Point A, and if that alters the Agquilibrium of the Beam without the 
Scales, hang a Thread or ſome ſmall Weight on that end of the Beam 
which has been made ſhorter, to reſtore that Aquilibrium ; then try with 
the Scale, and if the Aguilibrium continues, file off ſo much of the heavieſt 


Brachium, as the Weight of the Thread amounts to. If the Beam — 
8 made 
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made of Steel, after the Hook LS has been harden'd, one muſt with a 
Blow-Pipe bring down the Temper of the Part L, that it may be ſoft 
enough to bend without breaking. 

7. The Points of Suſpenſion "for the Scales, as 8, muſt be in the ſame 
horizontal Line as the Axis A, the Scales muſt hang very freely on their 
Hooks, and the Center of Gravity of the Beam muit be a very little un- 
der A. | 

8. When the Beam of a Pair of Scales weighs from three or four Oun- 
ces to about one or two Pounds, ſometimes the Points of Suſpenſion of 
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Annotat. 
Lee. III. 


Loy md _ 


the Scales are ſhut up within Boxes at the ends of the Beam ſuch as B *, * Plate 14. 
thro* which a ſquare piece of Steel C paſſes, whoſe upper part in the Fig. 14. 


middle has an edge like the Axis of the Beam, but only with the Edge 


upwards, to ſuſtain the Eye E e, and the Hook of the Sclale Ce #, repre- + Plate 13. 
fents one of thoſe pieces out of the Box, and its middle Section is mark'd Fig. 15. 
D, whoſe upper edge ſupports the Eye Ee. In order to adjuſt ſuch a Ba- || Plate 13. 
lance nicely (all other things being fix'd as before-mention'd) there ſhould Fig. 16. 
be a long Hole like H + t, for the ſuſpending pieces as Cc, to be moy*d þ Plate 13. 
in, ſo as to be brought nearer to, or farther from the Axis of the Balance, Fig. 17. 


by means of a Screw-Pin P; that when they come to be exactly equidiſtant 
from the ſaid Axis, (which can only be known by hanging on Scales 
er Weights exactly equal, having due regard to the effect of Pins length- 
ned or ſhortned without the Box at P by ſcrewing) the pieces Cc may be 
fd, the Screw-Pins filed off, and the reſt of the Hole fill'd up on each 
fide the ſupporting piece C c. 
N. B. 1t is not to be expected that a large Pair of Scales ſhould be ſo exact 
as a ſmall Pair; becauſe the Friction increaſes according as it is heavier : 
So that if a Balance, whoſe Beam and Scales weigh e Ounces Troy, 
be turwd with *; of a Grain, it may be ſaid to be as nicely adjuſted as 
Brigadier Armſtrong's Balance above-mention*d, which weighing 16 
times leſs, turns with + of a Grain. So likewiſe when a Balance turns 
with a ſmall part of a f @ Grain, we muſt not expect it to turn as eaſily 
when the Scales are loaded ; for they will always become leſs nice, accord- 
ing as they increaſe in Weight. 

The Pulley 1s liable to a oh... deal of Friction on account of the ſtiffneſs 
of the Ropes, the ſmallneſs of the Wheels or Sheevers in proportion to 
their Center-Pins, and their rubbing againft the ſides of the Block or Frame 
in which they move. 

Great Care ſhould be taken, that Pulleys which are to be uſed in Build- 
ing, or any where at Land, ſhould receive no wet ; for by fo doing, the 
| Ropes twift and thicken, ſo as often to require a great force to draw them 
thro* the Blocks in that Condition, even when no Weight is rais*d ; but 
my one cannot avoid wetting them, tarr'd Ropes muſt be uſed as 
at Sea. 

To prevent the Wheels rubbing too wank againſt the Blocks that con- 
tain them, there ought to be thin "Collars of Braſs or Iron of a Diameter 
much leſs than the Wheels on the Pins on each fide of the Wheel. 
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Annotat. Jo leſſen the Friction on account of large Pins when great Weights are 


Lect. III. to be rais'd, we ſhould conſiderably increaſe the Diameter of the Wheels, 7 


2 tho? in ſome Caſes the Machine would be. too cumberſome, and there- 
fore not ſo eaſy to be managed. But as People do not commonly imagine fo 
much Difference as there is between ſmall and large Pulleys, provided their 
Number and Combination be the ſame; I ſhall explain that Caſe in conſi- 
dering the way of finding what the Quantity of Friction is, and only men- 

* Memoirs of tion here that according to Monſ. Amonton's Experiments and Calculations #, 

: e tas there is fo much Friction in Pulleys on account of the Force requir'd to 

3:0 bag, bend the Ropes and overcome the Friction of the Pins, when the Wheels 

or Sheeves are ſmall, that if over an upper Pulley of three Inches Diameter 
with an Inch Pin, there was a Rope of 14 Diameter, having 800 Pound 
Weight at each End, which Weights mult keep each other in /#quilibrio 
in this Caſe, (becauſe here the Pulley only does the Office of a Roller) in 
order to make one of the Weights preponderate and overcome all the Fricti- 


ons, ſo as to bring the other Weight over, one muſt add 436 5 to that 


Weight call'd the Power in ſuch a Caſe : But if the Puiley had been of 
24 Inches Diameter, the Diameters of the Rope and Pin being as in the 
{mall one, 45 Pound would have been a ſufficient Addition to the Power, to 


enable it to give Motion to the Weight by overcoming the Friction. It is 
therefore well worth conſidering the Quantity of Friction in order to direct 


us in Practice; ſince in this one Inſtance, by only uſing a Pulley- Wheel of 
2.4 Inches Diameter inſtead of one of 3, the Force to overcome the Friction 
is leſs by the Quantity of 391 + Pound; or leſs than r of the Power 
added to it will bring up the Weight, when in the other Caſe there muſt 
be more added to the Power than one half of it. 

The Axis in Peritrochio has but little Friction if the Wheel be large and 
the Axle ſmall, except what ariſes from the folding of the Rope round the 
Axle, if a large Rope be made uſe of to raiſe a great Weight. But yet 
we ſhall ſhew how to find the Friction of the Axle, whatever it be, after 
we have taken notice of the Friction of the other Machines in general. 

The inclin*d Plane is not liable to much Friction, if the Weight which 
is rolPd up be ſpherical or cylindrick ; for then the whole Friction ariſes 
only from what the Plane wants of perfect hardneſs, ſo as to ſuffer the 
Body rolling up to fink a little, which alters the Inclination of the Plane 
in that Place by making it ſteeper, and renders the Line of Direction a 
little inclin*d to the Plane: So likewiſe, if the Plane being hard, the Bo- 
ay yields and alters its Figure a little; then it muſt be lifted up at every 
Pull, or go up by jumps. But if the Body to be drawn up be flat, or of 
any Figure not ſpherical or cylindrical, as a Piece of Timber, or at leaſt a 


Sledge loaded, then the inclin*d Plane will have a great deal of Friction; 


which we ſhall ſhew how to eſtimate. 
The Wedge has a great deal of Friction; for beſides all this laſt men- 


tion'd Friction of the inclin'd Plane when flat Bodies ſlide againſt one ano- 
ther, there muſt be added the third Part of the Preſſure which the fame 
Body gives more to the Wedge than the inclin'd Plane, by reaſom of the 
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Obliquity of the Draught, a Wedge being only an inclin*d Plane with the Annotat. 
Line of Direction parallel to the Baſe, inſtead of being parallel to the Hy- Lect. III. 
potenuſe of a Triangle, whoſe Height is the thickneſs of the Wedge. — . 
N. B. We do not here take notice of the Coheſion of the Wood or Bodies 5 
to be cloven, becauſe the Reſiſtance there to be ſurmounted is to be con- 
frder'd as a Weight, and therefore atiributed to the Weight, and not 
the Power. | | | 
The Screw has a Friction of the ſame Nature as that of the Wedge, 
becauſe it is compounded of a Wedge; but greater, becauſe it touches in 
all its Parts at once, which a Wedge does not t. The flat or ſquare-threaded 
Screw * repreſenting only a ſingle Wedge riſing in the Direction H K, or 
LM, Sc. has leſs Friction than the ſharp-threaded Screw ÞF ; becauſe in 
this laſt, the Surface of the Thread of the Screw is inclin'd to the Baſe as 
well as to the Axis or Arbor of the Screw. But the endleſs Screw“ has *Pl.11i.F.13. 
yet more Friction than the ſharp-threaded common Screw, becauſe it is 
oblig*d to. take obliquely the Tooth of the Wheel which it drives. 
For this reaſon in Clock or Watch-work, thoſe that would change 
Wheels and Pinions into endleſs Screws, ſhould be aware of the great Fric- 
tion that 1s in them, and not make uſe of them unleſs the Nature of the 
Movement requires it, and there be more gain'd by the Alteration of the 
Direction of Motion than is loſt by Friction. | 
Iso ſettle ſuch a Theory of Friction, as may ſerve to direct our Practice 
(that we may not only make a juſt Eſtimate of its Quantity in every ſimple 
Engine, but alſo find out the Friction of the ſeveral Parts which make up 
a compound Engine, ſo as to enable us to know what to allow for the 
Friction of the whole complex Machine) depends upon ſo many Experi- 
ments and Obſervations, that I rather chooſe to conſider that Subject in a 
Lecture on purpoſe, (viz. the 4th Lecture) than go on with it here, which 
would ſwell theſe Notes to too great a Bulk ; ſo much remaining to be 
conſider*d in relation to the ſeveral Particulars of the 3d Lecture, that they 
will far exceed the Length of the Lefure; unleſs I were to omit ſome 
things very material, which yet are too difficult to be mention'd in the 
Lectures themſelves, which I have made ſo eaſy, as to require only the 
Reader's Attention, without any previous Knowledge of Mathematics. 
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4. [20. The Beam hanging freely on its Center of Motion, which is 
Placed a little above its Center of Gravity.] As no Poſition of the Beam 
of the Balance but the horizontal can make us judge of the Weight of the 
Bodies to be compar'd by that Inſtrument, we muſt be careful that the 
Center of Motion or Point of Suſpenſion of the Beam be not in the Cen- 
ter of Gravity, becauſe then not only the Beam would remain in any gi- 


ven Poſition * (as well inclin*d as horizontal) but alſo continue in that Po- «5, , 26. 
| ſition 


V 


I Tho, ' ſtrictly ſpeaking, the Friction of yet it ſo happens here, becauſe in this Caſe the 
Bodies of the ſame Weight does not increaſe in rubbing Surfaces apply leſs exactly to one Jano- 
proportion to the Number of Parts that rub; ther than in the Wedge. 
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Annotat. ſition when equal Weights are ſuſpended at its ends. To illuſtrate this, 
Lect. III. let us examine the iſt Figure of Plate 14 F. | | 


Conn pmmnced 
FI 14. £1: 


H C4 D, repreſents. the Section of a Beam of ſome thickneſs, which 
when ſuſpended by its Center of Gravity K, will as well remain in the in- 
clin*'d Poſition A E B F as in the horizontal Poſition : Now if the heavy 
Bodies P, W, (equal, if the Beam be equally divided in its length by the 
Point K, or reciprocally proportionable to the Brachia if the Beam be 
unequally divided) be ſuſpended at the ends A, B, they will hang in Aqui- 
fibrio in any Inclination of the Beam, let the Beam be of any Size what- 
ever. Firſt, Let the Beam be ſuppos'd ſo ſlender as to havelittle or no 
Weight in compariſon of the Bodies, as the Line A B, with its Center of 
Gravity at K: It is evident, that the common Center of Gravity of P and 
W, which is at G, will not be ſenſibly remov'd from the Point G by the 
Addition of the Beam ſuppos'd of little or no Weight, nor by the Remo- 
val of the Bodies to p, w, when the Beam is inclin'd into the Poſition 
425 *. Secondly, If we conſider the Beam with all its Weight; when in 
the horizontal Situation C D, the heavy Part C B preſſing upon A B being 
equal and equally diſtributed over the Beam, and the lower Part A D e- 
qual to CB, hanging under in the ſame manner as CB preſſes above, the 
Center of the Gravity of the Beam will not on that account be removed 
from the Point K; but the common Center of Gravity of the Bodies P, W, 
and the Beam will be remov'd from G to g under the Center of Motion 
K; therefore the Balance and Weights will remain in that Poſition, be- 
cauſe the Point K of the Line of Direction is ſupported ||. Neither will 
the Weights (which in a Balance always hang freely) be able to alter this 


horizontal Poſition by their ſuſpenſion, becauſe their diſtances A K, BK 
from their Lines of Direction to the Center of Motion K, (upon which 


their Velocities depend) are equal, or reciprocally proportionable to their 
Maſſes *. Now if the Beam be inclin'd in the Poſition E A F B, we may 
ſtill conſider in it the flender Beam A B, loaded above and below with the 
two equal Priſmatical- Wedges A F Band AE B, whoſe Centers of Gravity 
being at m and u, their Lines of Direction will go through the Points r and 5 
equally diftant from the Center of Motion K, therefore they will balance 


each other , and conſequently not alter the inclin'd Poſition of the Beam. 


Then if we conſider the Weights p and ww ſuſpended from the Points @ and 
3, the common Center of Gravity of the Beam and Weights will ſtill be 
at g, and the diſtances of the Lines of Direction of the Weights now be- 
coming 7K and ꝝ K, decreaſe exactly in a reciprocal Proportion to the 
Weights ; ſo that there can be no Motion occaſion'd by this Poſition of 
the Beam and Weights, becauſe there is no alteration of Place in the 
common Center of Gravity of the whole loaded Balance, or the reſpective 
Velocity of the Weights. | | 


But if we remove the Center of Motion or Point of Suſpenſion of the 


Balance to k, a little above the Center of Gravity of the Beam K, the 
Line of Direction, which in the horizontal Poſition of the Beam is &# yg, 


will in the inclin'd Poſition of the Beam be out of the Point of 1 
| ns py ion, 
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ſion, which will then be remov'd to c, and the Center of Gravity muſt move Annotat. 


„which it can do deſcribing a ſmall Arc round the Point c; Lect. III. 


which will reduce the Beam to an horizontal Poſition, in which the Lin 


of Direction will be c q going through the Point of Suſpenſion c, and con- 
ſequently Weights. that are in Æquilibrio upon 4 Balance whoſe Center of 
Motion is above the Gravity of the Beam will reduce the [aid Balance from 
an inclined to an horizontal Poſition. | | 

| Now in fixing the Center of Motion of the Beam above the Center of 
Gravity, Care muſt be taken to fix it above the Points of Suſpenſion, 
as ſome Authors have taught, and as the Practice 1s in making the 
common Scale-Beams, which may be conſider'd as made up of two Lea- 
vers making an obtuſe Angle at & the Center of Motion, whilſt the Points 
of Suſpenſion A, B, are under its Level in the Line AB. Such a Ba- 
lance is uſed for common Purpoſes, becauſe it comes ſooner to an Ægquili- 
brium, than if A B was one Line; but it is a falſe Balance, and a 5kil- 
ful Perſon may cheat with it in proportion as the Angle A B is more acute, 


* 


eſpecially when there is no perpendicular Piece or Examen as C r *, to ſhew = pl.! 4. F. 2. 


swhen the Balance is truly horizontal; for unequal Weights may make an 
FAquilibrium on ſuch a Balance, and not be diſcover*d by changing the Scales, 
which preſently diſcovers the Cheat in a Balance whoſe Beam has its 


Brachia unequal T. For example, let the Balance A CB © (whoſe Center + 25. 


of Gravity is at c, and Center of Motion at C, with the equal Weight P, P, 
hanging at its Extremities A B) be plac'd in the inclin'd Poſition @ 5; I 
ſay, that as the Line of Direction Dd of the Weight P is brought nearer 
to the Center of Motion (viz. to *) the ſaid Weight may be increas'd in 
proportion as its Diſtance C is diminiſh'd by being reduced to C, and 
act with the very ſame Force on its Point of Suſpenſion: Whilſt the Line 
of Direction of the oppoſite Weight P being remov*d from Dad to bw, its 
Diſtance Co becomes C, and therefore P may be diminiſh*d in propor- 
tion as its Diſtance is increas'd; therefore in that Situation of the Ba- 
lance the Weights P and P will keep each other in AÆquilibrio, when they 
differ in the reciprocal Proportion of their Diſtancesq C and 4 C, or bC 
and Ca, if the Balance be inclin'd the other way in the Line « 8; the Diſ- 
covery being only made by the viſible Inclination of the Examen towards 
Sort. $8. | | 

The nearer the Center of Gravity of the Beam is to the Center of 
Motion, the nicer will be the Balance, becauſe the Beam will be the more 
apt to vibrate quick from Side to Side. As for example, if a Ce C “ be 
the Beam, and C the Center or Axis of Motion, the Difference between 
the Effect of having the Center of Gravity at K, or c, will be the ſame 
as if we compar'd the Vibrations of two Pendulums of the Lengths CK 
and-C c, whoſe Velocities in their Vibrations reciprocally are in a ſubdu- 
plicate Ratio of their Lengths (as I ſhall further ſhew when I come 
to treat of Pendulums) for the Beam is really a Pendulum. 


Vans © 3 | Exp E- 


Pl. 14. F. 2. 
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EXPERIMENT. Plate 14. Hg. z. 


To the Beam A B, whoſe Axis of Motion is C, fix a fcrew*d Wire K c, 
and a Ball W ſo contriv*d, that it may be ſcrew'd on towards, or ſcrew*d 
fromwards the Axis C. When by bringing the Ball to W the Center of 


Gravity is at K, the Vibrations of the Beam will be quicker than when 


the Center of Gravity is brought to & by lowering the Ball to w, This may 
be uſed in Practice for ſome nice Experiments, becauſe by ſuch a Contrivance 


tbe Center of Gravity may be brought as near as you pleaſe to the Center of 


A 
to 
to 
O 


* Pl. 14 F. 4. 


Motion. Þ - 


N. B. That the Center of Gravity ought never to be above the Center 


of Motion appears from what has been already faid in the ſecond Lecture, 
6. | 


5. f27. In all theſe Caſes we ſuppoſe the Weights to. hang freely from 
the Ends of the Balance to which they ate faſtewd.]. Though in 
the common Uſe of the Balance the counterpoiſing Weights, or the 


Scales, generally hang freely; yet there are ſome Caſes where they do 


not : and in compound Engines, where Balances are often a Part of a com- 
plex Machine ; inſtead of Weights, Powers are applied to their Ends in 
all manner of Directions, and then they become Leavers of the firſt kind, 
ſuch as the Regulators in ſeveral Water-Engines, Beams to blow Bellows, 
Sc. Therefore I ſhall conſider the Effects of Powers applied obliquely 
to a Mathematical Balance or ſtreight inflexible Line, which will alſo ſolve 


all Caſes of the Leaver, and (with proper Allowances) may be applied to 


all the Mechanical Organs. | 


Let the Balance AB*®, 12 Inches long and equally divided by its Can. - 


ter of Motion C, fuſtain at its Ends the two equal Weights W, P, which 
laſt we ſhall conſider as the Power. Whilſt the Power draws in the Line 
B P, it acts according to its whole Intenſity , its Diſtance being then 
CB = CA the Diſtance of the Weight, both Diſtances being meaſured 
upon the Beam: But if the Power be remov'd to P, and (its String B x P 
running over the Pulley x) it draws obliquely in the Line B x, which makes 
with the Beam the acute Angle CB F, or (what comes to the ſame) the 
obtuſe Angle CBE (becauſe here we ſuppoſe it as much greater. than a 
right Angle as CB F is leſs, CB F being = CBS) the Force of the Power 
will be diminiſh*d in proportion as C F or CO, the Diſtance from the Line of 


Direction of the Power acting obliquely, is leſs than C B the Diſtance of 


the Line of Direction of the Power acting directly or at right Angles to 
the Brachium of the Balance C B*. Knowing therefore the Intenſity of 
the Power, which acting at right Angles at B (or which hanging freely 
from B, if an heavy Body, as repreſented here, by the Power) keeps the 
oppoſite Weight W in Aguilibrio, one may caſily find how much the Power 
muſt be increas'd to keep the ſaid Weight iz Aquilibrio when it draws 

| | | obliquely 
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obliquely in any known Direction, as for example in the Direction repre- 
ſented in the Figure; or (which is all one) how much the Weight P, 
whoſe String faſten'd to B runs over the Pulley x, muſt be greater than 
the Weight P, which hangs freely, to have the ſame Effect. With the Di- 
ſtance C F or C © draw the Arc F f ©, which cuts C B at /; then you will 
have the Quantity of P by this Analogy : Ns = 


As the Length C upon the Beam, whoſe Length is 4, 87 Inches: 
Ito CB the whole Brachium of the Beam, here 6 Inches long : : 
So is the Intenſity of the Power, or the Weight P, here ſuppos'd 40 Pounds: 


To the new Power, or Weight P, 50 Pounds. 


Hence it appears that the Weight P thus found, would keep the coun- 
terpoiſing Weight Win Aquilibrio by hanging freely at the Point /, as 
well as it does it by drawing obliquely over the Pulley x; becauſe the 
Momentum of W (or W x A C) being divided by C , will give the Quan- 
tity of the Weight P; or, in other Words, there will be a reciprocal Pro- 
portion between the Weights W and P, and their Diſtances C A and 
Cf*. Therefore CF . CS = CF the Diſtance of the Line of Direction 
from the Center of Motion (always found by the Length of a Perpendicu- 
lar from that Center to the ſaid Line of Direction) may in all ſuch Caſes 
be properly call'd the acting Diſtance of the Power. See NP. 20. 


Another Way. | | 
Through the Point » taken in the Circumference of the Pulley, over 


which the String B x P runs, draw x E parallel to the Balance A B, which 


will cut the perpendicular Line of Direction of the Power (or freely hang- 
ing Weight) P, at right Angles at D, D x being = DE, and the Angle 
B DS D BE by Suppoſition. In the rectangular Triangle B D x, as 
much as the Hypotenuſe Bx is longer than the Perpendicular B D, ſo 
much muſt the Quantity or Intenſity of the Weight P (which hanging free- 
ly, keeps Win Aquilibrio) be increas*d when it draws obliquely in a Line 
Bx; that is, fo much muſt P be greater than P, to keep W in Aaquili- 
brio drawing obliquely. The ſame would be true if x was remov'd to E; 
and therefore this will always be the Rule to eſtimate the Force of Powers 
drawing obliquely; | 


As the Sine of the Angle of Traction, viz, the Angle which the Line of Direc- 
tion of the Power makes with the Beam : 
[Is to the Radius:: ; 


Se 7s the Intenſity of the Power drawing at right Angles with the Beam: 


To the Intenſity of the Power drawing obliquely. 


MN. B. The Angle of Traction here is CBxor CBE, whoſe common 
Sine is BD; then in this Caſe BD: B X:: P: P. 
2 That 
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That this Method will always have the ſame Conſequence as the former, 


Lect. III. may be ſeen by comparing together the two Triangles Bx D and CBF; 
for ſince CF B is a right Angle by Suppoſition, and CBT = Bx D be- 
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cauſe of the Parallels CB and x D, B CF muſt be equal to & B D, and 
conſequently the Triangles be ſimilar, which will ſhew that C F (48): CB 
nen: B (So) :: P: P. & E. D. | 

This might alſo be explain'd a third Way, by reſolving the Force which 
draws obliquely in the Line B x, into the Forces, the one drawing along the 
Leaver in the Line B C, and the other in the Line B D, after Sir 7/aac 
Newton's Manner“; but we ſhall conſider it in the Cafe of Truſion or 
puſhing obliquely againſt any Point of the Beam, which is the fame as 
drawing the contrary Way. a 

All theſe Methods will appear to agree in the following 


EXPERIMENT. Pl, 14. Fig. 5. 


The Balance or Leaver A B, 12 Inches long, is moveable upon the 
Center C of the Stand S, which has a long Piece ſo propp'd at S, as to 
remain in an horizontal Poſition, fo as to carry the Pullies x and E, each 3 
Inches diſtant from the Point D, which is placed perpendicularly under B. 
When the Power P of four Ounces equal to W hangs freely, it keeps W 
in Aquilibrio ; but if the String PX B be thrown over the Pulley x or E, 
then will the ſaid Power P be overpois'd by W till it be changed for P orp 
a Five-ounce Weight, which drawing obliquely over x or E, will keep W 
in Aquilibrio, Now one may obſerve, that when P deſcends one Inch, or 
from P to r, it brings down the End of the Beam B only to the Point 
þ in the horizontal Line F e, which raiſes the oppoſite End A to 4, juſt 
as high above the Line A; but when the Power at P deſcends one 
Inch, namely to 4, it brings down the End B to g in the horizontal Line 
5 g, and conſequently raiſes the oppoſite End A ſo much higher, ſo as to 
give more Velocity to the Weight W, bringing it to w inſtead of w. Now 
ſince the Powers P and P with the ſame Velocity (or deſcending equally) 
give W different Degrees of Velocity, their Intenſities muſt be different 
in that Proportion, becauſe Caſes are always proportionable to their Effetss; 
therefore P muſt be greater than P as much as the Arcs A « and B g are 
greater than A a and B 5, or rather as much as the Sine a o is greater than 
@ n. This alſo appears by obſerving (ſince BX = 8x (=y x) and B) that 
the Strings BP, Bx P, and Bx Pg are all equal. 
N. B. This is ſtrictly true only in the Beginning of the Motion of the Beam; 
but that is ſufficient for our Purpoſe. | | + 
The very Sight of the Machine makes it plain that a Power acting at 
right Angles is the moſt effectual. For as in removing the Power from 
the Perpendicular it draws more weakly at E, and at m it only pulls the 
Center C in the Direction B , ſo as to do nothing towards raiſing A, the 
| | | | | oppolite 
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oppoſite End of the Beam; and going the contrary Way, the Power wea- Annotat. 
ken'd at x, becomes wholly ineffectual when brought to the Beam to draw Lect. III. 
in the Direction B C, becauſe then it only acts againſt the Center C, no way === 
moving the End A: Therefore a mean Situation of the Line of Direction 
between thoſe two ineffectual Extremes, muſt be the moſt effectual; and 
that is in the Line B P perpendicular to the Beam. 
It is upon this Principle that moſs of the Feats of the pretended ſtrong Men, 
or modern Sampſons, are perform*d ; the Machines on which thy fit or ſtand 
Being ſo contriv'd, that the drawing Horſes or hanging Weights pull thoſe Limbs 
of the Man reſiſting (which perform the Office of a Leaver or Balance) in ſuch 
a manner, that they are drawn direttly againſt the Center of Motion. But 
this I ſhall explain more particularly, when I come to ſpeak of thoſe Feats 


of Strength, : 


If at one of the Ends of the Leaver or Balance be fix'd a Weight, which 
(moving with the ſaid End of the Leaver ) does not hang freely, whilſt the 
Power acting at the other End is either a heavy Body hanging freely, or an 
animate Power pręſſiug perpendicularly towards the Earth; 1 ſay, that ſuch 
a fix*d Weight will vary in Force according to the Poſition of the Beam, 
that Force will vary in a contrary manner according as the Center of Gradi. 
ty of the Weight is above or below the Beam : namely, when the Center of 
Gravity of the fix'd Weight is below the Beam (as in Fig. 6.) the Weight Pl. 14. F. 6. 
will become heavieſt (or act moſt ſtrongly) when raisd above the horizontal 


Line (as at G) in the incliwd Situation of the Leaver DCG; and it will 


become lighteſt when depreſs'd below the horizontal Line (as at E) in the in- 
clin*d Situation of the Leaver ACE; on the contrary, if the Center of 
Gravity of the fd Weight be above the Leaver (as in Fig 7.) it will be- Pl. 14. F. 7. 
come heavieſt when depreſs'd below the horizontal Line (as at K) in the 
inclin'd Situation of the Leaver ACK; and become lighteſt when rais'd 
above the horizontal Line (as at E) in the Situation of the Leaver D CE. 


But the ſaid fix*d Weight will att in the ſame manner as if it hung freely 


when the Leaver is in the horizontal Situation, as at B F (Fig. 6.) and 
BI (Fig. 7.) | 

The firſt Caſe (Fig. 6.) may be thus explain'd. - In the Poſition of the Pl. 14. F. 6. 
Leaver B F, the Line of Direction O going thro? the Point of Suſpenſion | 
q, and being at right Angles with the Leaver, C is the a&ing Diſtance *, Ses Page 
of the Weight as well as the Diſtance of the Point of Suſpenſion ;. there- 7 
fore as B C: to C:: ſo is the Weight F: to the Power R; in the ſame | 
manner as if the Weight F hung freely from . But when the Weight 
is rais*d up to G, as the Center of Gravity O cannot get under the Point 


K (the ſame as q the Point of Suſpenſion in the horizontal Leaver) Or 


becomes the Line of Direction inſtead of K M, which would have been 
the Line of Direction if the Body had hung freely from K; therefore 
C r 18 the acting Diſtance of the Weight inſtead of C M, when the acting 
Diſtance of the Power is become LC; and conſequently the Weight has 


more Force, and can only be balanced by a greater Power as P. For 


whereas CL: CM 2: F (or G): R, now CL: Cr:: F (ar G): P. 
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Annotat. a ſtronger Power or heavier Counterpoiſe. But if the Weight be brought 
Lect. III. to E, its Line of Direction inſtead of » H becomes MO, and conſequently 
is acting Diſtance is leſs than it ought to be in proportion to CQ the 
acting Diſtance of the Power, which therefore may be diminiſh*d in Inten- 
ſity and become S inſtead of R. 5 = 

Pl. 14. F. 7. From what has been ſaid, and a View of Fig, 7. one may ſee that the 
| contrary muſt happen when the fix d Weight has its Center of Gravity 
above the Leaver or Beam. For in the Situation of the Leaver E D, the 

Line of Direction of the Weight coming forward too faſt (becoming OL 

inſtead of E 5) CL the acting Diſtance of the Weight at E bears a leſs 
Proportion to CN the acting Diſtance of the Power at S, than Cg to CB, 

the Proportion in the horizontal Situation; and conſequently the Power S 

of leſs Intenſity ſerves as a Counterpoiſe inſtead of R. But when the 
Weight is depreſs'd to K, we muſt make uſe of P, a greater Counterpoiſe; 

becauſe C g is become the acting Diſtance inſtead of C7. And in the ho- 

rizontal Situation of the Beam the Body O weighs the ſame as if it hung 

freely, becauſe Og is its Line of Direction, as it would be if the ſaid Body 

hung down from g. This may be obſerv'd in Practice. Suppoſe the Man 

Pl. 14. F. 8. M (Fig. 8.) is lifting Hay, Sheaves of Corn, or a large Faggot A, by 
means of the Prong or Fork AB reſting upon his Knee c as a Fulcrum, and 

preſſing down the End B of the Prong or Leaver; if the Fork A goes un- 

Pl. 14. F. 7. der the Faggot, it will be the Caſe of the inclin'd Leaver A K (Fg. 7.) 
and the Burthen will grow lighter as it riſes. But if the Fork had been 

thruſt through the Binding above the Faggot, it would be the Caſe of 

Pl. 14. F. 6. the inclin'd Leaver AE (Fig. 6.) at whoſe End the Burthen becomes 
heavier as it is rais'd up; and then if the Man was juſt able to begin to 

lift it, he muſt let it go back again, or find a new Fulcrum at C in or- 

der to raiſe that Weight. Suppoſe again, that the Beam of a large Pair 

of Scales, was inclin'd in the Poſition ACE; a Man in the Scale ſuſ- 

pended at H may, by thruſting up his Hand hard againſt the Beam, 

put himſelf in the Condition of the heavy Body H E, and conſequently 

appear to weigh leſs than his true Weight, being counterpois'd by ſuch 

a Weight as 8. But if the Scale which he gets into be rais'd up, its 

Point of Suſpenſion being at K, in the Poſition of the Leaver DCK; the 

Man, by thruſting hard againſt the Beam above his Head, may throw his 

Body into a Pofition perpendicular to the Leaver, and together with the 

Scale be in the Condition of the Body K G; ſo that if there is more 
Weight in the oppoſite Scale, the Weight need not be lefſen'd till its In- 

tenſity be equal to that of the. Man's Weight, but it will begin to be 
lifted up whilſt it is ſtill greater; ſo that in ſuch a Cafe, a Man's Weight 

will appear greater than it is, by as much as the Counterpoiſe P is 

. greater than R. Juſt the Reverſe would happen, if a Man was to ſit upon 

the Beam; for then he would weigh leaſt, when rais*d above the horizontal 

Pl. 14. F.7. Line going through the Center, as at E M (Fig. 7.) and moſt when below 
the ſaid Line, as at F K. | | | 
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Now tho? the Action of heavy Bodies on one another may thus in the Annotat. 
| Balance and Lzaver, and ſome other of the Mechanical Organs, be eftima- Le&. III. 
ted by the Diſtance of their Line of Direction from the Center of Mo 
tion; yet this is only ſo far true, as the perpendicular Aſcent and Deſcent 
is agrecable to that Diſtance; for there are Caſes eſpecially in the work- 
ing of Compound Engines, where the Diſtance of the Line of Direction of 
a riſing or falling Body from the Center of Motion is not proportionable 
to the perpendicular Aſcent or Deſcent of the ſaid Body. Therefore the 
Velocity of a Power, when it is an heavy Body, muſt be conſider'd in the 
ſame manner as that of a Weight; as has been fully explain'd in the 8th _ 
Note of the ſecond Lecture“; and may be further prov'd by the fol- L. , Ann. 8. 
lowing | 
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ACBEK D“ is a Balance in the form of a Parallelogram paſſin 
through a Slit in the upright Piece N O ſtanding on the Pedeſtal M, 
as to be moveable. upon the Center-Pins C and K. To the upright 
Pieces AD and BE of this Balance are fix'd at right Angles the horizon- 
tal Pieces F G and H I. That the equal Weights P, W, mult keep each 
other in Æquilibrio is evident; but it does not at firſt appear fo plainly, 
that if W be removed to V, being ſuſpended at 6, yet it ſhall keep P in 
Zquilibrio; tho? the Experiment ſhews it. Nay, if W be ſucceſſively mo- 
ved to any of the Points 1, 2, 3, E, 4, 5, or 6, the Aquilibrium will be 
continu'd; or if, W hanging at any of thoſe Points, P be fucceſſively 
mov'd to D or any of the Points of Suſpenſion on the Croſs-Piece F G, 

P will at any of thoſe Places make an #gquilibrium with W. Now, when 
the Weights are at P and V, if the leaſt Weight that is capable to over- 
come the Friction at the Points of Suſpenſion C and K be added to V as 
u, the Weight V will overpower, and that as much at V as if it was 
at W. | | | 

From what we have ſaid above, the Reaſon of this Experiment will be 
very plain. As the Lines AC and KD, CB and K E always continue 

of the ſame Length in any Poſition of the Machine, the Pieces AD and 
BE will always continue parallel to one another and perpendicular to the 
Horizon, however the whole Machine turns upon the Points C and K; 
as appears by bringing the Balance to any other Poſition, as @ be d: and 
therefore as the Weights applied to any Part of the Pieces FG and HI 
can only bring down the Pieces A D and BE perpendicularly, in the ſame 
manner as if they were applied to the Hooks D and E, or to X and Y, 
the Centers of Gravity of AD and BE; the Force of the Weights 

(if their Quantity of Matter is equal) will be equal; becauſe their Velo- 

cities will be their perpendicular Aſcent or Deſcent, which will always be 

as the equal Lines 5x and g y, whatever Part of the Pieces FG and HI 

the Weights are applied to. But if. to the Weight at V be added the 
| little 
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Annotat. little Weight z, thoſe two Weights will overpower, becauſe in this Caſe 
Lect. III. the Momentum is made up of the Sum of V and 4 multiplied by the common | 
WY —— Velocity 3 5. | ; | 
PL. 14. F. 9. Hence follows, that it is not the Diſtance c 6 multiplied into the Weight 
V, which makes its Momentum; but its perpendicular Velocity 5 y multi- | 

48. plied into its Maſs . Q, E. D. : | | | 
This is ſtill further evident by taking out the Pin at K; for then the 

Weight P will overbalance the other Weight at V, becauſe then their per- 3 

pendicular Aſcent or Deſcent will not be equal. i | 1 

To conclude all that relates to Forces applied in different Directions 8. 

to Leavers and Balances, I ſhall explain the Action of oblique Forces by c 

the Compoſition and Reſolution of Motion after Sir Jaac Newton's Manner; [ 


applying the Solution to a Propoſition of the Balance, which has not been WW 

taken notice of by mechanical Writers, tho' often talk'd of by handicraft. 
Workmen. : b 
Pl. 14. F. 10. Tn E OR E M. Fig. 10. f 
| n 


AB is 4 Balance, on which is Juppos'd to hang at one End B the Scale 


E with a Man in it, who is counterpoisd by the Weight W hanging at A 4 
the other End of the Balance. I ſay, that if ſuch a Man, with a Cane or 1 
any rigid ftreight Body, puſhes upwards againſt the Beam any where between 2 
the Points C and B (provided he does not puſh direfily againſt B) he will | 
thereby make himjelf heavier or overpoiſe the Weight W, tho" the Stop GG : 
hinders the Scale E from being thruſt out fromwards C towards G G. I a 
ſay likewiſe, hat if the Scale and Man ſpould hang from D, the Man by P 
puſbing upwards againſt B, or any where between B and D, (provided he does wy 
not puſh direttly againſt D) will make himſelf lighter, or be overpois d by the * 
Weight W, which did before only counter poiſe the Weight of his Body and the 10 
Scale. "ET 
If the common Center of Gravity of the Scale E and the Man ſuppos'd C 
to ſtand in it be at &, and the Man by thruſting againſt any part of the B 
Beam cauſe the Scale to move outwards ſo as to carry the ſaid common St 
Center of Gravity to x; then inſtead of BE, LI will become the Line * 
of Direction of the compound Weight, whoſe Action will be increas'd in | Th 
| the Ratio of LC to BC. This is what has been explain'd by ſeveral be 
: Writers of Mechanicks; but no one, that I know of, has confider*d the 
Y Caſe when the Scale is kept from flying out, as here by. the Poſt GG, 
| which keeps it in its Place, as if the Strings of the Scale were become in- 
| flexible. Now, to explain this Caſe, let us ſuppoſe the Length BD of | 
5 half of the Brachiam B C to be equal to three Feet, the Line BE to (tl 
four Feet, and the Line E D (of five Feet) to be the Direction in which the | an 
Man puſhes, D F and F E to be reſpectively equal and parallel to B E and Tai 
BD, and the whole or abſolute Force with which the Man puſhes, equal . 


to (or able to raiſe) 10 Stone. Let the oblique Force ED (= 10 _ or 


bans ends LY | ww "T1 


= WW. 


cd 
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be reſolv*d into the two E F and E B (or its equal FD) whoſe Directions Annotat. 
are at right Angles to each other, and whoſe reſpective Quantities (or In- Lect. III. 
tenſities) are as 6 and 8, becauſe EF and B E are in that Proportion to 


each other and to ED. Now ſince E F is parallel to B DCA the Beam, 
that Force does no way affect the Beam to move it upwards; and there- 
fore there is only the Force repreſented by F D, or 8 Stone to puſh the 
Beam upwards at D. For the ſame reaſon, and becauſe Action and Re- 
action are equal, the Scale will be puſh'd down at E with the Force of 
3 Stone alſo. Now, ſince the Force at E pulls the Beam perpend icularly 
downwards from the Point B diſtant from C the whole Length of the Bra. 
chium B C, its Action downwards will not be diminiſh'd, but may be ex. 
preſs'd by 8 x B C: Whereas the Action upwards againſt D will be half 
loſt, by reaſon of the diminiſh*d Diſtance from the Center, and is only to 


be expreſs*d by $ 1 = ; and when the Action upwards to raiſe the Beam 


is ſubtracted from the Action downwards to depreſs it, there will ſtill re- 
main 4 Stone to puſh down the Scale; becauſe 8 BU — 8x BC 


| * 
4B C: Conſequently a Weight of 4 Stone muſt be added at the End A 
to reſtore the ÆAgquilibrium. Therefore a Man, &c. puſhing upwards under 
the Beam between B and D, becomes heavier. Q. E. D. 

On the contrary, if the-Scale ſhould hang at F from the Point D only 
three Feet from the Center of Motion C, and a Poſt g g hinders the Scale 
from being puſh'd inwards towards C; then if a Man in this Scale F 


puſhes obliquely againſt B with the abſolute Force above mention'd ; the 


whole Force, for the Reaſons before given (in reſolving the oblique Force 
into two others acting in Lines perpendicular to each other) will be redu- 
ced to 8 Stone, which puſhes the Beam directly upwards at B, while the 
ſame Force of 8 Stone draws it directly down at D towards F. But as 
CD is only equal to half of CB, the Force at D compar'd with that at 
B loſes half its Action, and therefore can only take off the Force of 4 


Stone from the Puſh upwards at B; and conſequently the Weight W at A 


will preponderate, unleſs an additional Weight of 4 Stone be hang'd at B, 
Therefore a Man, &c. puſhing upwards under the Beam between B and D, 


becomes lighter. Which was alſo to be demonſtrated, 


Scholium TI. 


Hence, knowing the abſolute Force of the Man that puſhes upwards 
(that is, the whole oblique Force) the Place of the Point of Truſion D, 


and the Angle made by the Direction of the Force with the Beam at the 


laid Point, we may have a general Rule to know what Force is added to 


the End of the Beam B in any Inclination of the Direction of the Force 
or Place of the Point D. | | 


e Rule 
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" 

5 ny —— a E „ "YN MG _ * S r - 8 e — ar IN FEET GIRL PWR" 8 — 4 4 — r 8 755 7 Pear: e 
5 1. oe . 8 ot Dd PT 2 un 2 ; g 8 * a pou " * 5 8 * "I . m * PE r De PEP 
1 e e ee in pp 197 e e eee a 8 FIT gh dy. — 244 2 j 

- ln - 8 e AX Rb 5 . 7 Ny p * 

* 4 8 y 7 7 

7 | k 1 1 2 þ $ » ts 

5 * N 5 1 wt * by ; N . 5 * 
ME] , . 5 * FRE) . 


7 


bas og 


eee I PTR, 


| * ' 
MOV. C0 hab ED AN. Vee BORED 


WOE . we 


A Conrſe of Experimental Philoſophy. 


Rule for * firſt 0 aſe. 


Firſt find the perpendicular Force by the following Analogy, whoſe 
Demonſtration is known to all that underſtand the Application of oblique 


Forces. | 


As the Radius: 


To the right Sine of the Angle of Inclination of the Force to the Beam: : 


So is the oblique Force: 
Ta the perpendicular Force. 


Then the Perpendicular Force multiplied into the Length of the Bre- 


chium B C, minus the ſaid Force multiplied into the Diſtance D C, will 


give the Value of the Additional Force at B, or of the Weight required to. 
reſtore the Ægquilibrium at A. | | 
Or to expreſs it in the Algebraical Way: Let of expreſs the oblique 


Force, 5 F the perpendicular Force, and x the Force requir'd, or Value 
of the additional Weight at A to reſtore the Ægquilibrium. | 


DE: DF(=BE)::of:pf. 
Pf xBC — pfxDC= x. 


The ſame Rule will ſerve for the ſecond Caſe, if the Quantity found 
be made negative, and the additional Weight ſuſpended at B. Or having 
found the Value of the perpendicular Force, the Equation will ſtand thus : 
—pf x BC+pf x DC = — x; and conſequently the additional 
Weight muft be hang'd at B; becauſe — x at A is the ſame as + # 
at B. | 


See 4: 


Hence it follows alſo, that if, in the firſt Caſe, the Point of Truſion be 
taken at C, the Force at B (or Force whoſe Value is required) will be the 
whole perpendicular Force ; becaufe C D is equal to nothing. And if the 
Point D be taken beyond C towards A; the perpendicular Force puſh- 

ing upwards at that Point, multiplied into D C, muſt be added to the ſame 


Force multiplied into B C, that is, p f xBC+-pfxDC=-vx. 
The Machine I made uſe of to prove this experimentally, was as follows, 


Pl. 14 F. 11. (Fig 11.) The Braſs Balance A B is 12 Inches long, moveable upon the 


Center C, with a perpendicular Piece B þ hanging at the End B, and move- 
able about a Pin at B, and ſtopp'd at its lower End & (by the upright 
Plate G G) from being thruſt out of the Perpendicular by the puſhing 
Pipe F E, whoſe lower Point being put into a little Hole between the Letters 


G and H, the upper Wire or Point (when put into another little Hole = 
| er 


”— ” . Ac — 
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der the Beam at D) is by means of the Worm-Spring E F preſſing againſt Annotat. 
the Plug E, to drive forward the ſaid Wire D. made to puſh the Beam Lect. III. 
upwards with the Force of the Spring EF. TSS is a Stand to which i 


fix d the Pillar T C, which ſuſtains the Balance; and it has alſo a Slit 
SS to receive a Shank of the moveable Plate G G, to be fix*d in any Part 
of the Slit by a Screw underneath, | 


ExPERIME NT. Plate 14. Fig. 11. 


Hang on B=, as in the Figure. Then let E F be fo applied to the 
Hole H, that its upper Wire 5 D &, may go through a little Loop at D, 
ſo as not to thruſt the Beam upwards, but be in the ſame Poſition as if 
it did, that by hanging on the Weight W the Brachium B C with B& and 
F E may be counterpois'd, that the Action againſt D and H may be eſti- 
mated without the Weight of the puſhing Pipe. 

Then drawing down the End of the Wire &, thruſt it into the little 
Hole under D, and B will be ſo pull'd downwards as to require the ad- 
ditional Weight P of 4 Ounces to be hung on at A, to reſtore the Ægquili- 
brium; when B H is 4 Inches, BD 3 Inches, and the whole Force of 
the Spring equal to 10 Ounces. | 

I need not here ſay, that for explaining the ſecond Caſe, B & is to be 
ſuſpended at D, with the Plate G G fix'd to ſtop it at the Place M, to 
keep it from being puſh'd towards T, and that the upper End of GFE 
D & muſt puſh into an Hole made under B, in which Caſe the Weight P 
muſt be hang*d at B, to reſtore the #quilibrium. 


N. B. To ſhew experimentally that the Force which the Spring ex- 


erts in this oblique Truſion is equal to 10 Ounces ; take the Beam A B, 
which weighs 4 Ounces, from its Pedeſtal C T,. and having ſuſpended at 
each End A and B, 3 Ounces, ſupport it under its Center of Gravity by 
the puſhing Pipe E H ſet upright under it, and you will find that the 
Beam with the two Weights will thruſt in the Wire H E as far as D, the 
Place which the oblique Truſion drives it to. 


6. [29. — In all theſe Caſes the Leaver is ſtill ſaid to be of the firſt Rind] 
There is another way of diſtinguiſhing the Leavers, according to Ariſtotle 
and the Mechanical Writers among the Ancients; and that 1s, as the 
Weight does, or does not, riſe in the fame Direction as the Power. As 
for example, in the Leaver of the firſt Kind; as it has the Fulcrum (Cen- 
ter of Motion, or Hypomochlion) between the Power and the Weight, the 
Power muſt move downwards whilſt the Weight moves upwards ; and that 
Leaver is by thoſe Authors call'd the Heterodromous Leaver ; that is, 
working or moving different Mays. But the Leaver of the ſecond, and like- 
wile the Leaver of the third Kind, are both call'd Homodromous Leavers, 
becauſe the Power and Weight being on the ſame ſide of the IP” 

1 „ | ion 
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Annotat. lion or -propping Point, they both go the fame way, tho' in the one the 
Le. III. Power always gains, and in the other always loſes. 

——— Hf we examine ſuch Inſtruments as we have in common Ulſe, we may 

plainly ſee that they are Leavers of one of the three Kinds. As for ex- 

*P..14.F.12. ample, a Pair of Pincers * is made up of two Leavers of the firſt Kind, 

| whoſe common Center of Motion ts at the Rivet C, the Power being ap- 

plied at the Handles B to preſs them together, and thereby pinch the 

Body D as a Weight at the oppoſite End A @; in which Caſe, the Power 

acts ſix times more ſtrongly than if applied directly to the Body D at 

A, a; ſince in the two Leavers A B and a 6 the Diſtance of the Power 

B C and 5 C is triple the Diſtance of the Weight CA and C a. So is a 

+P1.14.F.13. Pair of Sciſſors F made up of two ſuch Leavers, whoſe common Center of 

Motion is C, the Power being applied at B, and the Body to be cut as 

a Weight at D; where it is evident that the nearer D is to the Points 

A, a, the greater will be the Difficulty in cutting it; and the leſs, the near- 

er it is brought to C. The Force of a Leaver in this Way is remark- 

*PL14.F.14- able in the Braſier's or Tin-man's Sheers *, whereby one Man preſſing up- 

on the Handle B raiſing the lower Sheer A C, moveable about the Cen- 

ter C, is able to cut a Plate of Braſs or Copper D a quarter of an Inch 

thick, the other Sheer @ CE being riveted to a couple of ſtrong Standards 

fx*d into the Block F. Nippers, Forceps, Snuffers, and other fuch In- 

ſtruments may in the ſame manner be found to be Leavers of the firſt 

*Pl.14F.15-Kind. The little Cart or Carr BCA, very uſeful in Building, is alfo 


aà Leaver of the firſt Kind: It is made to lift great Stones and carry them 


to the Builders; upon the farther End of whoſe Plank or Bottom A 
the Stone D being laid, and with a little Pains mov*d towards C by wrig- 


ling the Plank; the Force of one Man, by taking hold of the long Handle 


at B, and weighing it down as it turns about the Axle-tree of the Wheels 
E F as the Fulcrum, will be able to raiſe that Stone; and being rais'd, by 
Help of the Wheels, be able to convey it to the intended Place. 
+P1.14.F.16. The cutting Knife“ uſed by Druggiſts and Patten-makers, to cut Drugs, 
or the Wood they uſe, is moveable on the Joint or Center of Motion C, 
whereby it is faſten*d to the Plank C E; the Power is applied at the 
Handle B, and the Weight is D, the Wood or Drug to be cut : This 
+ 30. * ſhews the Inſtrument to be a Leaver of the ſecond Kind F. So is a Door, 
| whoſe Hinges are the Center or Axis of Motion, the Hand or Power be- 
ing applied at the Part towards the Lock, whilſt the Body of the Door 
is the Weight. A Pair of Bellows are two Leavers of the ſecond Kind, 
whoſe common Center of Motion is at the End of the Boards where the 
Noſe begins, the Power being applied at the Handles, whilſt the Air to 
be preſs*d out between the Boards, by its Reſiſtance acts againſt the mid- 
dle of the Boards as a Weight. Thus one may eaſily perceive that the 
Latch cf a Dcor, when drawn up by a String, is a Leaver of the ſecond 
Kind; as are alſo jointed Nut-crackers, Horſe-barnacles, c. The Oars 
of a Boat or Galley, and the Rudder, are aiſo Leavers of the ſecond Kind, 
thu? Ariſtotle ſuppos'd them Leavers of the firſt ; but the Error lies in 
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this, that he confider'd the Water as the Weight to be mov'd; whereas Annotar, 
the Boat or Zalley is the Weight to be mov'd. For the Water mäkes Lect. III. 
Reſiſtance ar C* as a Fulcrum, the Man or Power acting at B, whilft tg 
Veſſel F D 15 mov'd by that Part of the Leaver which preſſes on it at Pl. 14. Fig. 
the Point D, as the Oar in 7ig 17. and the Rudder in Fig. 18. But Ari- '7 A 


flotle, in his Mechanics. rightly reckons the Maſts of Ships among Leavers 
of the ſecond Kind, aſſigning the Fulcrum or Hypomochlion to be in the 


bottom ot the Ship B, coniidering the Ship it felt as the Weight or Bur- F Pl. 15. F. i. 


then, reſting with its upper Deck C upon the Maſt, as upon a Leaver, and 
ſo to be mo'd forwards. Laſtly he affirms, the moving Force to be the 
Wind gather*d in the Sail, which, by the Help of the Sail-yard, is applied 
to A; and then he gives a Reaſon from the Principles hitherto deliver'd, 
why, the higher the Yard DAE is, ſo much the ſwifter the Ship will 
be carried with the ſame Wind and Sail; viz. becauſe the farther the 
Fulcrum is from the moving Force (all other Things being at the ſame 
time confider*d) ſo much the eaſier will the ſame Power or Force move 
the Weight. 

The ſame Inſtrument, according to its different Application may be a 
Leaver of the firſt or ſecond Kind: As for example, when a Man who has 
carried a Stone upon the Car“ goes to deliver it at the Place intended, ſo 
as to lay it upon its Side E, he lets the End of the Plank reſt upon the 
Ground at E, and lifting up the End B, turns the Stone over; which 
Operation changes the Leaver from one of the firſt Kind into one of the 
fecond, where E is the Fulcrum, B the Power, and the Weight is at A. 


The Sheep-ſheers f are two Leavers of the third Kind; the common 1 Pl. 15. F. 2. 


Center of Motion being at the ſpringing Bow at C, whilſt the Power or 
Hand is applied at Pp, and the Wool to be cut is the Weight at W. 
Thus are the two Legs of a Pair of Tongs viſibly Leavers of the third 
Kind. A Ladder or a Pole to be rear*d againſt a Wall, are alſo Leavers 


of the third Kind. But the Uſe of the Leavers of the third Kind is moſt 


beautifully ſhewn in the animal Body, where the All-wiſe Creator has ſup- 
plied Animals with a Means to move the Limbs with great Veiocity, by ap- 
plying the Power of the Muſcles very near the Center of Motion; but at 
the (ame time giving the Muſcles ſuch very great Force, as to perform 
their Office very ſuddenly, raiſing the Limbs even when great Weights 
hang at their Extremities; as for example, when we lift Weights with 
our Hands or Feet, or when we hold or break hard Bodies with our 
Teeth, There is icarce a Bone in the Animal Body but what is a Leaver 
of the third Kind. It is a delightful and curious Contemplation to con- 


fider what Proportion is obſerv'd in the Animal Body as an Engine from 


which Art on]; copies faintly : There we may ſee various Applications of 
Powers, ard now they help each other in moving the Limbs, ſometimes 
acting 1joi' 1iy at the ſame time, ſometimes ſucceeding one another to change 
Directic , and fo.2-times acting againſt eacu other to ſtop and check Mo- 


tion; ai other times drawing over Pulleys to alter the Angle of Traction, 


as necd requires. But this Subject is ſo copious, that we can only give 
1 | | one 
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one Inſtance or two here; referring the Curious to conſult Aphonſus Bo. 
relli, who has written a whole Book upon that Subject (viz. de Motu Ani- 
malium) and from whom we ſhall take only a few Examples. Here fol- 
lows the 21ſt Propoſition of his firſl Book. ER 


oro irt XXL 


« The abſolute Power of every animal Muſcle, muſt neceſſarily be greater 
« than the Weight of the Limb ſuſpended by it, but never l. Plate 15, 


ps Z, cc Fig. 3, and 4. ; | | 
« All-wife Nature has fo contriv'd the Shape of Animals made up of 


« ſeveral Organs join'd together, as to enable them to move from one 
& Place to another, and —_— the ſeveral Operations requir'd for the 


ut this could not be done by giving an Animal 


c an orbicular Shape like a Ball, but it was proper that he ſhould be 


K A 
a #XK 


* 
* 


4 made up of ſeveral Articulations, ſuch as Hands and Feet, to walk 
about and handle Objects. But theſe Limbs could not move about 
Joints, unleſs they were drawn by muſcular Cords, and thoſe Cords were 
contracted by a moving Force. We are going to ſhew, that that moving 


« Force or Power muſt not be leſs, but neceſſarily greater than the Weight 
c and Reſiſtance of the Limbs ſuſpended. Let us conſider any Limb, 
<« for example the whole Arm; it is plain that it was neceſſary for it to 
* move round every way about the Joint of the Shoulder, that it might 
ce be able to draw, ſuſpend, and impel the Reſiſtances as well of the 


* 
* 


Weight of the Arm as of external Bodies to be handled : Such Opera- 


tions require a proper Figure, Forces and apt Inſtruments, and all fit- 


* 
* 


ted for that Purpoſe. The Shape without doubt muſt be long like a 
Leaver moveable about a Center, or the fix*d Point or firm Fulcrum of 
the Shoulder. Then in the Leaver muſt be conſider'd the Poſitions in 
* which the moving Power and the Reſiſtance are applied. The moving 


„ Power acts by contracting the muſcular Cords, which can only be fa- 
ce ſten'd near the Center of Motion of the Leaver, as has been ſaid be- 
fore , wWhilſt the Reſiſtance is applied at its utmoſt Length or farther 


* Our Author in his 2oth Propoſition has in- 
—_ ſhewn, that the Tendons to move the 
nes could not conveniently be faſten'd near 
the End of the Bone (at a great diftance from 


the Center of Motion, as we endeavour todo in 


mechanical Engines) but near the Articulation 
or Joint. Theſe are his Words: 
* Pl.1g.F.3. © Let there be two Bones“ AB 
and G F join'd and articula- 


ted at A F, namely in ſuch Manner that AB 


* may be drawn round C the Center of the Ar- 


Conne ction Eto be made near B the Wriſt, 


« End; 


« ticulation, as the two Bones of the Arm; and 
© let the Muſcle D E be faſten'd to G the fix'd 
End of the Shoulder at G, and let its End be 
joined to E, the End of the lower Bone of the 
Arm or Cubit AB; which End muſt be 
© drawn round the Center of the Articulation 
C, deſcribing the Arc B H: I ſay, that Na- 
ture neither could, nor ought to faſten the 
* tendinons End E near the End B of the Bone 
AB. For if it could be, let us ſuppoſe the 


and 


« than the Reſiſtance. 
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« End; therefore the Power: will always be to the Reſiſtance :: as the Annotat. 
greater Diſtance of the Reſiſtance: to the leſſer Diſtance of the Power Lect. III. 
« from the ſame fix d Point. Conſequently the moving Power is greater 
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« The firſt Enquiry of the abſolute apparent Force, which can be exert- 
« ed by the two Muſcles, the Biceps and Brachiæus, benging the Cubit (or 
« lower Bone of the Arm) when the whole Arm is in a ſupine and hori- 
« zontal Situation; which is greater than twenty times the Weight that is 
« ſuſtain'd by them, and exceeds the Force of 560 Pound Weight, Plate 15. 


«6 Fig. 4. 


* 


„Let the Humerus E A, and the Cubit and Hand A B, be almoſt in 
« a right and horizontal Line, but ſupine (that is, with the Elbow down- 


« wards) and let the Cord G B fold about the Ends of the Fingers of the 


« expanded Hand G, to which Cord at G hangs the Weight R, which 
« muſt be increas*d by degrees, till the Exceſs of the moving Power of 
« the Muſcles D C becomes wholly inſenſible, and they can ſuſtain no 
more Weight than R, but be juſt able to hold it with a Force brought 


« to be equal; then we may judge that the Momenta of the Powers of. 


« the Muſck, and of the Weight, are wholly equal, neither of thoſe 


and then the Tendon, and the Muſcle D E is 
either looſe and may be ſeparated from the 
Limb and the Bones D A B; or it is bound 
down to it by ſome Ligament or Faſcia as R. 
* If the firſt, the Conſequence will be as ſol- 
'. lows : Becauſe the Bone A B cannot be turn'd 
' up towards F G quite to the Situation A H, 
' unleſs it be drawn by the Contraction of the 
* muſcular Cord D E, in which Caſe its Length 
P E, in order to be fhorten'd to D M, muſt 
become leſs than the eighth Part of D E, 
which ſhortening in the Arm, will be of above 
a Foot and an half; this will not only be 
troubleſome, but even impoſſible. It would be 
troubleſome, becauſe the Breadth and Thick - 
' neſs of the Arm would be vaſtly increas'd 
to take in the Dimenſions C M equal to CE; 
* ſo that the Arm would upon this account on- 
Ih become as big as the Belly of the Animal, 
* which monſtrous i hickneis would hinder the 
* refit of the Motions of the Arm and of the 
Animal. Then becauſe the Structure of a 
* Muſcle is ſuch, that it can be contracted but 
"2 little, feidom above two or three Fingers 


Forces 


© Breadth ; ſuch a faſtening of the Muſcle, 


© which requires ſo prodigious a Contraction 
* (namely, of above a Foot and a half) would 


' © be altogether impoſſible. But the Abſurdity 


of ſuch a Poſition will moſt evidently appear, 
© if we ſuppoſe the Bone A B to be the Hu- 
© merus (or upper Bone) of the left Arm, which 
© is to be mov'd every way round the Joint 
of the Shoulder C; that it may be brought to 
© the Breaſt, it is plain that it muſt be drawn by 


the Muſcle E D fix'd to D, the right Side of 


© the Breaſt. Another Muſcle to raiſe it up 


© muſt be fix'd on the top of the Head, and 


* the Muſcle to bring it down muſt have its 
* Origin in the lower Part of the Belly ; which 
© Muicles, together with thoſe of the right 
Arm, require a vaſt ſwell'd Space like a great 
Tun; and the fame would be requir'd for 
the Muſcles of the Feet, which would make 


© a Man ſo far from being well jointed and 


© clean limb'd, that he would be a ridiculous 
© unwieldy Maſs, unfit for Motion and hand- 


ling of Bodies; therefore ſuch a Shape was 


© entirely to be rejected. 
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Annotat. one Inſtance or two here; referring the Curious to conſult Aphonſus Bo- 
Lect. III. relli, who has written a whole Book upon that Subject (viz. de Motu Ani- 
Halm) and from whom we ſhall take only a few Examples. Here fol- 

lows the 21ſt Propoſition of his firſ Book. 


EF ROPOSITION XXL 


« The abſolute Power of every animal Muſcle, muſt neceſſarily be greater 


than the Weight of the Limb ſuſpended by it, but never l Plate 13. 


Fig. 3, and 4. | 

« All-wiſe Nature has ſo contriv'd the Shape of Animals made up of 
ſeveral Organs join'd together, as to enable them to move from one 
Place to another, and 3 the ſeveral Operations requir'd for the 
Preſervation of Life. But this could not be done by giving an Animal 
an orbicular Shape like a Ball, but it was proper that he ſhould be 
made up of ſeveral Articulations, ſuch as Hands and Feet, to walk 
about and handle Objects. But theſe Limbs could not move about 
Joints, unleſs they were drawn by muſcular Cords, and thoſe Cords were 
contracted by a moving Force. Weare going to ſhew, that that moving 
Force or Power muſt not be leſs, but neceſſarily greater than the Weight 
and Reſiſtance of the Limbs ſuſpended. Let us conſider any Limb, 
for example the whole Arm; it is plain that it was neceſſary for it to 
move round every way about the Joint of the Shoulder, that it might 
be able to draw, ſuſpend, and impel the Reſiſtances as well of the 
Weight of the Arm as of external Bodies to be handled : Such Opera- 
tions require a proper Figure, Forces and apt Inſtruments, and all fit- 
ted for that Purpoſe. The Shape without doubt muſt be long like a 
Leaver moveable about a Center, or the fix*d Point or firm Fulcrum of 
the Shoulder. Then in the Leaver muſt be conſider'd the Poſitions in 


which the moving Power and the Reſiſtance are applied. The moving 


Power acts by contracting the muſcular Cords, which can only be fa- 
ſten'd near the Center of Motion of the Leaver, as has been faid be- 


fore, whilſt the Reſiſtance is applied at its utmoſt Length or farther 


« End; 


Our Author in his 20th Propoſition has in- ticulation, as the two Bones of the Arm; and 
e ſhewn, that the Tendons to move the let the Muſcle D E be faſten'd to G the fix d 
the End of the Bone (at a great diſtance from * joined to E, the End of the lower Bone of the 
the Center of Motion, as we endeavour to do in Arm or Cubit A B; which End muſt be 
mechanical Engines) but near the Articulation * drawn round the Center of the Articulation 
C, deſcribing the Arc B H: I ſay, that Na- 


nes could not conveniently be faſten'd near * End of the Shoulder at G, and let its End be 


or Joint. Theſe are his Words: 
ture neither could, nor ought to faſten the 
tendinons End E near the End B of the Bone 
AB. For if it could be, let us ſuppoſe the 


G 


and G F join'd and articula- 


may be drawn round C the Center of the Ar- Conne ction Eto be made near B the — 
: | | . 4 an 
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« End; therefore the Power: will always be to the Reſiſtance :; as the Annotat. 
greater Diſtance of the Reſiſtance: to the leſſer Diſtance of the Power Lect. III. 
« from the ſame f d Point, Conſequently the moving Power is greater 
« than the Reſiſtance. | 


«PROPOSITION XXII. 


« The firſt Enquiry of the abſolute apparent Force, which can be exert- 
« ed by the two Muſcles, the Biceps and Brachizus, benging the Cubit (or 
« lower Bone of the Arm) when the whole Arm is in a ſupine and hori- 
« zontal Situation; which is greater than twenty times the Weight that is 
* ſuftain'd by them, and exceeds the Force of 560 Pound Weight, Plate 15. | 
Fig. 4. | Pl. 15. F. 4. 
« Let the Humerus E A, and the Cubit and Hand A B, be almoſt in 
« a right and horizontal Line, but ſupine (that is, with the Elbow down- 
« wards) and let the Cord G B fold about the Ends of the Fingers of the 
« expanded Hand G, to which Cord at G hangs the Weight R, which' 
« muſt be increas*'d by degrees, till the Exceſs of the moving Power of 
« the Muſcles D C becomes wholly inſenſible, and they can ſuſtain no 
« more Weight than R, but be juſt able to hold it with a Force brought 
« to be equal; then we may judge that the Momenta of the Powers of. 
« the. Muſck, and of the Weight, are wholly equal, neither of thoſe 
ET | | | Forces 
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and then the Tendon, and the Muſcle D E is Breadth; ſuch a faſtening of the Muſcle, 
either looſe and may be ſeparated from the which requires ſo prodigious a Contraction 
Limb and the Bones D A B; or it is bound * (namely, of above a Foot and a half) would 
down to it by ſome Ligament or Faſcia as R. be altogether impoſſible. But the Abſurdity 
If the firſt, the Conſequence will be as fol- of ſuch a Poſition will moſt evidently appear, 
' lows : Becauſe the Bone A B cannot be turn'd * if we ſuppoſe the Bone A B to be the Ha- 
' up towards F G quite to the Situation A H, * merus (or upper Bone) of the left Arm, which 
' unleſs it be drawn by the Contraction of the is to be mov'd every way round the Joint 
* muſcular Cord D E, in which Caſe its Length of the Shoulder C; that it may be brought to 
P E, in order to be fhorten'd to DM, muſt the Breaſt, it is plain that it muſt be drawn by 
become leſs than the eighth Part of DE, the Muſcle E D fix'd to D, the right Side of 
* which ſhortening in the Arm, will be of above © the Breaſt. Another Muſcle to raife it up 
a Foot and an half; this will not only be © muſt be fix'd on the top of the Head, and 
' troubleſome, but even impoſſible. It would be © the Muſcle to bring it down muſt have its 
* troubleſome, becauſe the Breadth and Thick- * Origin in the lower Part of the Belly ; which 
' neſs of the Arm would be vaſtly increas'd © Mulicles, together with thoſe of the right 
to take in the Dimenſion C M equal to CE; Arm, require a vaſt ſwell'd Space like a great 
* ſo that the Arm would upon this account on- Tun; and the fame would be requir'd for 
ly become as big as the Belly of the Animal, the Muſcles of the Feet, which would make 
' which monſtrous i hickneis would hinder the * a Man ſo far from being well jointed and 
* ret of the Motions of the Arm and of the clean limb'd, that he would be a ridiculous 
Animal. Then becauſe the Structure of a © unwieldy Maſs, unfit for Motion and hand- 
* Muſcle is ſuch, that it can be contracted but ling of Bodies; therefore ſuch a Shape was 
a little, ſeidom above two or three Fingers entirely to be rejected. 
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& To find the Force which the ſaid Muſcles exert, when the Humerus or 


2) 
« 


* 


o 


+ 


$ 
o 


* 


Forces overcoming the other. Now Experience ſhews us, that in a ro- 
buſt young Man the Weight R does not exceed 26 Pounds, to which 
muſt be added the whole Weight of the Cubit and the Head, which 
are nearly equal to 4 Pounds, and this Weight acts, not in the End of 
the Leaver as at B, but in the intermediate Place H, namely where 
its Center of Gravity is; therefore if another Weight of 2 Pounds be 
ſuſpended at B, which has the ſame Proportion to the Weight of the 


whole Cubit as the Diſtance O H to OB, we ſhall have for our Lea- 


ver an indiviſible Line and without Weight, at whoſe End B are ſul. 
pended two Weights, namely R and the Weight of che Cubit, that is 
in all 28 Pounds; and then becauſe the Direction C D of the Tendon 
of the Muſcle that draws makes a very acute Angle with the Line 
CO, becauſe the Tendon of the Muſcle exactly touches the Head of 
the Joint A, we muſt from the fix'd Point or Fulcrum O draw the 
right Line OI, perpendicular to CI the Direction of the Tendon, and 
then from the Principles above demonſtrated it will appear, that zhe 
Power drawing the Muſcle D C: has the ſame Proportion to the Reſiſ- 
tance of the Weight R, together with the additional Weight above-mentio- 
ned : : as the Diſtance OB: has to the Diſtance I O. But by a ſtrict 
Examination it appears that O B, the Length of the Cubit and Hand, 
is more than twenty times greater than the Semidiameter of I O the 
Head of the Bone. Therefore the Strength and Power drawing the 
Muſcle DC is above twenty times greater than the Weight R and the 
additional Weight; and ſince the 2 Weights are equivalent to 28 Pounds, 
therefore the apparent Force with which the Muſcle draws the Cubit 
and endeavours to bend the Elbow, is greater than the Force of 560 
Pounds. | 1 ” 


« PRO POSITION XXIII. 


upper Part of the Arm is perpendicular to the Horizon, and the Cubit ts 
parallel to the Horizon. Plate 15. Fig. 5. 

Secondly, Let E A be the Humerus, and AB the Cubit, making 
a right Angle with each other, the Humerus being perpendicular and 
the Cubit ſtill horizontal: In that Poſition the Length of the Lea- 
ver O B ſtill remains the fame, and now at its End B is ſuſtain*d the 


„ great Weight of 33 Pounds (as appears by making the Experiment) by 
the ſame Muſcles D C; but becauſe the Angle IC O made by the Ten- 


cc 


don with the Bone O C is leſs acute than in the foregoing horizontal 


Situation of the ſame two Bones, becauſe when the Humerus E A is bent 
„ towards the Cubit A B, the Tendon of the Muſcle D C adhering to 


% the Humerus is alſo bent; yet the Angle I CO does not become a right 


e one, becauſe the Tendon at I is firmly bound with membranous Faſciæ 
and the outward Skin, which Ligaments ſerve as a Pulley to keep the 


« Tendon 
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« Tendon towards A the Angle of the Joint; but yet the Tendon I C Annotat. 


cc 


A XK 
A „ 


-- 


is not ſo cloſely bound down at I, but that it riſes a little, and there- 
fore the right Line O I perpendicular to the Direction of the Tendon 
C I becomes ſenſibly longer than in the foregoing Caſe, as we may 
find by feeling our Arm: and therefore the Diſtance O B will bear a 
leſs Proportion to I O, than it was found to do in the former Si- 
tuation, But whatever Proportion the faid Diſtances have, the ſame 
reciprocally will the Force contracting the Muſcle D C, and draw- 


ing the Bone, have to the Reſiſtance of the Weight R and the 


Weight of the Cubit together: Therefore that Force will bear a leſs 
Proportion to this Reſiſtance, than 20 to 1; and if it appear'd by the 
foregoing Enquiry that the greateſt Force of the Biceps and Brachiæu, 
Muſcles was equal to the Force of 560 Pounds; it will appear from 
the preſent Enquiry, in which the great Weight R is of 33 Pounds, 
and, taking in the Weight of the Cubit, equal to 35 Pounds, that the 
Diſtance O I is only a ſixteenth Part of the Diſtance OB, and not, 


as before, a twentieth Part of it; and therefore that the Diſtance 10 


being ſenſibly increas*d, there muſt of conſequence be rais'd a greater 
Weight now, namely 35 Pounds, by thoſe Muſcles. 

« Here we muſt take notice, that tho' by reaſon of the bending of 
the Limb E A B: the Muſcles are not ſtretched as before, but muſt be 


in ſome meaſure relax*d ; yet the moving Force of each Muſcle has 


a leſs Power of contracting, becauſe really the Muſcles D C are not 
both fix*d to the Top of the Humerus; for the Biceps is faſten'd to the 
Scapula or Shoulder-bone H LE at L, but the Brachizus to the middle 
of the Humerus. And becauſe the Scapula HE L is always in the ſame 
and tranſverſe Situation, the Humerus E A revolving about the Center 
E of its Articulation, muſt make the Angle LE O with the Scapula 
the leſs acute, the more the Humerus is bent downwards; and then the 


Origin of the Biceps Muſcle D is more rais'd, and recedes farther from 


the top of E the Head of the Bone, becauſe the Length of the Line 
L DI ſubtending the Angle L E O is increas'd, and therefore the fore- 
ſaid Muſcle is ſo much the more ſtretch'd as the Humerus is bent down- 
wards. Therefore tho? by reaſon of the Angle E OB the Brachieus 


Lect. III. 
— mmnmnd 


Muſcle be relaxed; yet the Biceps may be ſo much the more ſtretch'd 


by reaſon of the Elevation of the Point D above the Head of the 


 Humerus. 


4% PR 03 0 $a XXIV. 


Hence probably may be ſingly found the apparent abſolute Forces of the 

Biceps Muſcle, which is equivalent to 300 Pounds, and of the Brachiæus, 

which is equal to the Force of 260 Pounds. Plate 15. Fig. 6. 

Let the Humerus OE be bent backward in order to make the Angle 

= E mY acute as may be, and on” let the Cubit A B be inflected fo 
OL, I. | * 
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Annotat. 
Lect. III. 
—— 


Plits. F. 7 


* 
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as to become parallel to the upper Line of the Scapula HL, and then 
the alternate acute Angles HD I and CID will be equal to one another; 
and then, as much as the Biceps Muſcle DIC is relax*d on account of 
the Acuteneſs of the concave Angle CO E, juſt ſo much is it drawn and 
ſtretch'd on account of the convex Angle HD O: therefore the natural 
Tenſion of the Biceps Muſcle is in no wiſe alter'd, and remains exactly 
of the fame Length as it had in the horizontal Situation of the whole 
Arm; and as it juffers no Relaxation, it will have the ſame Force of 
contracting itſelf as it exerted in the horizontal Poſition. But the Brachi- 
£us Muſcle has not the ſame Advantage, its Origin being in the middle 
of the Humerus at F, and its End or Inſertion at I, near the Head of the 
Cubit; and becauſe the Angle EOC is acute, therefore the Bracbiæus 
Muſcle muſt ſuffer the greateſt Relaxation, and therefore exert little or no 
motive Force. In this Caſe therefore one may find the moving Force of 
the Biceps alone; (that is, if the Diſtance OI from the Tendon to the 
Center of the Head of the Cubit be not varied.) Let us ſuppoſe the 
Weight R ſuſtain*d in that Situation, together with the Weight of the Ca- 
bit, to be equal to 25 Pounds; and becauſe the Diſtance I O is almoſt a 
twelfth Part of the Radius and the Hand BO, therefore the abſolute 
Force of the Biceps Muſcle will be twelve times greater than the appended 
Weight R together with the Weight of the Cubit; that is, it will be e- 
qual to the Force of 300 Pounds, when the Brachiæus exerts no Force by 
reaſon of its very great Relaxation. Then becauſe the joint Forces of the 


two Muſcles, the Biceps and the Brachiæus, working together in the firſt 


Experiment, were equal to the Force of 560 Pounds ; if from that Force 
we ſubtract the moving Force of the Biceps alone, juſt found to be of 300 
Pounds, the remaining Force of 260 Pounds will be that which was ex- 
erted by the Brachieus Muſcle, and that was the Thing to be enquir'd 


1nto, | 


«< PROPOSITION XXV. 


«© To find what Force the ſame Muſcles exert when the Cubit hangs 
downwards, whilſt the Humerus is kept perpendicular to the Horizon. 
Plate 15. Fig. 7. | 


„Now let the Humerus E A, and the Cubit AB, be in one direct Line 
and perpendicular to the Horizon; then the greateſt Weight to be ſul- 


pended at B, might be almoſt immenſe, if the Strength and Tenacity of 
the Ligaments could always reſiſt and was wholly inſuperable. 


If afterwards the Cubit be a little inflected, ſo as to make an obtuſe 


Angle EA B with the Humerus which is now perpendicular to the Hori- 


zon, and an acute Angle B A K, with the horizontal Line O K, then 


indeed may the great Weight R be very much increas'd, becauſe if 
from B the Line B K be drawn perpendicular to the horizontal Line 
A K, then the Weight R drawing the Leaver AB obliquely, acts M 

RE | | N 5 os the 
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« the ſame manner as if it had been f uſpended in the Point K of the Soca: 
« Leaver OK; and therefore we have now a new Leaver O K ſhorter Lect. III. 
than OB: but the Force of the Muſcle raifing the Leaver draws from m—— 


« the Point I, having I O for the Diſtance of its Line of Direction; and 
« conſequently the abſolute Power that contracts the Muſcle (which i is al- 
« ways the ſame) has the ſame Proportion to the Reſiſtance of the Weight 
« R, as K O has to TIO. Therefore if K O be only the double of OI, the 
40 Weight R, which is ſuſtain*d in that Poſition, will be half of the 3 
« abſolute moving Force, and therefore equal to 280 Pounds; and if the 
« Diſtance O K be leſs than ON, then alſo will the Weight R be greater 
« than the moving Force of thoſe Muſcles. 
Hence may be gather'd, that in the Flexion, or Elevation of the Cu- 
hit, the Effect of the ſame Force which draws the Muſcle is continu- 
« ally diminiſh*d; becauſe the Length of the Leaver O K is ſucceſſively 
« increas*d, and therefore the Weight R muſt be decreas'd in the ſame 


« manner. 
"PROPOSITION XXVI. 


« To find the Force of the ſame Muſcles, when the Arm is placed in a fu- 
« pine horizontal Situation. Plate 15. Fig. 8. 

„The Force of the Muſcles bending the Cubis may be exerted in an- 
« other manner, namely when the Cubit A B being in a ſupine horizontal 
Situation muſt be inflected downwards towards G by the Muſcles D C, 
which are now below the Cubit; for the Cord B LG being thrown 
over the Pulley or Wheel ML, moveable about a fix'd Axis M, it is 
« evident that whilſt the Hand B deſcends, the Weight R is rais'd, A B 
« being then the Leaver whoſe Fulcrum is O, and the Weight R draws 
« the End B of the Leaver upwards towards L, and the Power of the 
% Muſcles DC draws down the Leaver AB from I towards D. And 
« therefore thoſe Things which have been ſaid before, will alſo be veri- 
« fied here, only with this Difference, that in the former Caſe the End 
« B was drawn downwards, not only by the Reſiſtance of the Weight R, 
« but alſo the Weight of the whole Cubit and Hand; but on the con- 
« trary, here the Weight of the Cubit does not act counter to, but helps 
ce the Power of the Muſcles to draw; becauſe, that as in this Situation 
the Muſcles draw down the Cubit, ſo the Cubit alſo acts downwards by 
* its Gravity, and theſe two Powers taken together have a Momentum e- 
„qual to that of the Weight R. And as in the firſt Caſe the Weight of 
* the Cubit was added to the Reſiſtance of the heavy Body R, now it is 
added to the Power of the Muſcles; and becauſe the greateſt Power 


of the Muſcles DC was ſhewn to be equal to the Power of 560 Pounds *, By the 22d 
« therefore if the Leaver A B was of no Weight, when the Diſtance OB Prop. above 
is found to be twenty times the Diſtance O I, the Weight R ought to cited, 


be of 28 Pounds; but becauſe the 2 Pounds added to R are in AÆaqui- 
Y 2 | « liprio 
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* Hibrio with the Weight of the Cubit A B, (that is, as they render it a 
Leaver without Weight;) therefore the Weight with its Adjun& making 
* up 30 Pounds, will be the greateſt Weight that can be ſuſtain'd by the 
& Force of the Muſcles in that Situation. | | 
This may be ſhewn another Way, becauſe the deſcending Weight of 
e the Cubit being as 2 Pounds hanging at B, is made to act equally with 
ea drawing Force of 40 Pounds applied at I, (by reaſon of the reciprocal 
e twenty-told Proportion) and the proper Force D CI will be of 560 


Pounds; therefore this Force, together with the Momentum of the Cu- 


ce bit acting with it, will produce an Effect equal to the whole Weight of 
“ 600 Pounds.” | 


But what appears moſt wonderful, is the Force of the Muſcles that 
move the lower Jaw, which the ſaid Borelli conſiders in the 87th and 88th 
Propoſition of the firſt Part of his Book abovemention'd ; where he ſhews, 
that thoſe ſmall Muſcles, all which taken together do not in a Man exceed 
the Weight of one Pound, do yet exert a Force equal to 534 Pounds ; 
and in Maſtif Dogs, Wolves, Bears and Lions, have a Force vaſtly ſupe- 
rior, to enable them to break large Bones, as they do daily in their 
Feeding. . | Eo | 


| 7. [25. And if the Arm C W be ſet freight in a Line with PC, 
&c. the Inſtrument will plainly appear to be a Leaver of the firſt Kind.] 
Tho? the bended Leaver is not an Inſtrument of common Uſe, except in 


the Hammer and Tools of that Kind, yet the Conſideration of it is very 


* 48, 49 50, 
Fl, 52. 
＋Pl. 10. F. 14. 


49. 


neceſſary in the Explanation of ſeveral Machines that virtually contain ſuch 
a Leaver ; eſpecially in ſtatical Propoſitions, of which we will here give 
ſome Examples. The Caſes of the Inclin'd Plane and the Wedge“ may 
be clearly ſolv'd this way. As for example, when the Weight PJ ſuſ- 
tains the Weight W upon the inclin*d Plane A B, drawing the Center of 
the Weight in the Line M W parallel to the Plane, one may conſider in 
the ſaid Weight the bended Leaver WT in, whoſe longeſt Brachium is WT, 
and the ſhorteſt Tn. Now, as the Line of Direction of the Power is 
M W parallel to the Plane, I W acted upon at right Angles muſt be the 
Diſtance of the Power; and as W is the Line of Direction of the Weight, 
T at right Angles with it muſt be the Diſtance of the Weight; conſe- 
quently as  T (the ſhort Arm of the bended Leaver) : is to WI (its long 
Arm) :: ſo is the Power P: to the Weight W. Now, as the Triangles 
W T and ABC are ſimilar, the Power thus conſider d: is to the Weight: : 
as BC the Height of the Plane: to its Length A B; which was prov'd in 


its Place *. But if the Power had drawn the Weight in a Line parallel 


to the Baſe of the Plane, which is the Caſe of the Wedge, its Effect might 


be thus explain'd: As the Power acts obliquely at the End of the long 


Brachium of the bended Leaver W T u, its acting Diſtance muſt be found 
by drawing from the Center of Motion T, To perpendicular to the Line 


of Direction of the Power, which now muſt be conſider'd as the long 
| | : Brachium 


my 5 hy 
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Brachium of the Leaver, whilſt # ſtill is the ſhort Arm, and acted upon 
by the Weight at right Angles. Therefore the Quantity or Intenſity of the Lect. III. 


Power IT will now be found by this Analogy, viz. 


As the long Arm of the Leaver, now T 0: 
Ts to the ſhort Arm T n: : 
So is W the Weigbt: | | 
To II the Power; or the Baſe AC: to the Height CB. 


When I conſider'd the inclin'd Plane as a mechanical Organ *, I only * 48, 49, 50, 
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took notice of two Applications of the Power, the one with its Line of 51, 52. 


Direction parallel to the Plane, and the other (which reduc'd it to the 
Wedge) with its Line of Direction parallel to the Baſe of the Triangle, 
that is, inclin*d to the Plane as much as the Plane is inclin*d to the Hori- 
zon, the Angle W B A (calPd the Angle of Traction ) being equal to the 
Angle B A C, becauſe of the Parallels W B, A C; but as in compound 
Engines, and in the Ule of Carriages, the Angle of Traction or Inclina- 
tion of the Line of Direction of the Power to the Plane is very variable, 
we give this Way of conſidering a bended Leaver in the Body to be 
drawn up for the Solution of all Caſes, which will appear by the following 
Example. | | 

Lab LB be the Angle of Traction, as when the Power IT draws over 
the Pulley p in the Line pL. W Tx is a bended Leaver, whoſe Center 
of Motion is T, the Point where the Ball W touches the Plane; a J the 
ſhort Arm of the Leaver, on whoſe Extremity may be conſider*d the 
Weight, as ſupported and preſſing at right Angles, becauſe its Line of Di- 
rection goes through »* ; and WI the long Arm of the Leaver to which 
the Power is apply*d obliquely. But as T z perpendicular to the Line 
of Direction of the Power is its acting Diſtance, we may conſider T z 
as the long Arm of the Leaver. Then the whole Caſe will be folv'd by 


this Analogy, viz. 


As the long Arm of the Leaver, now 2 T: 
C to ibe ſbort Arm Tn: : | 
So is W, the Weight: © 

To II the Power. 


Since one may find this laſt bended Leaver, in any Direction of the 
Power, that is, in any Angle of Traction, this general Rule for all Direc- 
tions of the Power may be deduced from it. | 


The Argle of Trafion is the Angle the Power draws in a Line of Direction pa- 


L. 2. 47, 


which the Line of Direction of the Power rallel to the Plane, there can be no Angle of 


makes with the Plane; and conſequently when Traction. 
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As the Sine of the Angle of the Plane: 

To the Sine Complement of the Anlge of Trattion : : 
So is the Power: | | 

To the Weight. 


Pl. 1e. F. 4. But to prove how the Rule is deduced from the bended Leaver, we 


muſt ſnew that T, the ſnort Arm of the ſaid Leaver, is always to its 
long Arm 2 T, as the Sine of Inclination to the Sine Complement of the 


Angle of Traction; or that C B in the Triangle AB C: is to Lz in 
the Triangle T LZ :: as 2 T: is to T2; and then we ſhall draw ſome 


uſeful Corollaries from our general Rule. 
DEMONSTRATION. 


Since W is perpendicular to A B, and the Angles Wq Tand A E 
equal, , becauſe they are vertical Angles) the Triangle A E, (rectangular 


at E) having two Angles equal to two Angles in the Triangle W q , 


the third Angle A muſt be equal to the third Angle q W T; confequently 


the Triangles will be equiangular, and therefore ſimilar (by 4. 6. Eucl.) 


and as q E is the Sine of Inclination for the Radius A q (becauſe in its ſi- 
milar B C is the Sine of Inclination for the Radius A B) ſo alſo will q T 
be the Sine of Inclination for the Radius Wg. But as Tu which is pa- 
rallel to the Horizon falls upon W q, which being the Line of Direction 
of the Weight, is perpendicular to it, the Triangle W T is ſimilar to 
W42 T (by 8. 6. Eucl.) and thus T 7 the ſhort Arm of our þended Leaver 


becomes the Sine of Irclination for the Radius WT. Which was one of 


the Things to be demonſtrated. . 

Further, as T z is by Conſtruction perpendicular to L W, the Triangle 
WZ I is ſimilar to L WT (by 8. 6. Eucl.) therefore the Angle z T W 
is equal to WL T the Angle of Traction; ſo that as L T is the Sine 
Complement of the Angle of Traction for the Radius L W, T z (the long 


Arm of our Sended Leaver) muſt be the Sine Complement of the Angle 


of Traction for the Radius T W. Which was the other Thing to be de- 
monſtrated. | N . 


COROLLARY I. 


Hence follows, that when the Line of Direction is parallel to the Plane, 
the Power is the leaſt that can be for that Inclination of the Plane, be- 
cauſe then the Sine Complement of the Angle of Traction is changed into 
the Radius or whole Sine; that is, T z becomes T W, or the long Arm 
of the Leaver W T being acted upon at right Angles expreſſes the acting 
Diſtance of the Power; or, ſtrictly ſpeaking, the Angle of Traction va- 
niſhes. But if the Power ſhould draw directly up in the Line We, it 


muſt 
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muſt be equal to the Weight; becauſe then W T being the Angle of Ann otar. = 
Traction, its Sine Complement (q W being Radius) would be » T, which is LeR. III. 1 
equal to the Sine of Inclination here expreſs'd by the ſaid Line. Hence. 
it is plain, that if an Horſe draws a Burthen up Hill by means of a Cart 

or any rolling Machine, he will draw it with ſo much the more Eaſe, as Pl. 10. F. 14. 
the Line of Direction by which he draws the Load comes nearer to a pa- 

rallel to the Slope of the Mountain along which he draws. 


CORODGEART 0 0 


It follows alſo, that if the Line of Direction, as B W and ] W paral- 
lel to AB, make the Angle w WB equal. to the Angle w W D, the 
Power applied at B will be equal to the Power applied at D; becauſe in 
ſuch a Caſe the Angles of Traction WL B, WB will be equal, fince by 
29. 1. Eucl. the Angle W LB is equal to its external oppolite D We, 
which is ſuppos'd equal to the Angle w WB, and conſequently to its al- 
ternate WB IL. Whence it follows, that if the Line of Direction of the 
Power, as W &@, and the Line WT perpendicular to A, make the An- 
ole T Wa equal to the Angle of Inclination A (or g W T) the Power 
applied at à will be equal to the Weight by Cor 1. becauſe then the Angle 
of Traction W @ L is equal to the Complement of the Angle of Incli- 

nation A; that is, Wa L is equal to Wqga=ABC. | 


COROLLARY II. 


Laſtly, it follows alſo, that if the Line of Direction of the Power he 
WT at right Angles to the inclin'd Plane A B, which makes the Angle 
of Traction a Right one; the Power applied at T, or in any part of the Line 
IT, muſt be infinite. That is as much as to ſay, that a Power that ſhould 
draw the Weight W dire&tly from the Plane, or directly againſt it, would 
not keep it there, let its Intenſity or Force be ever. ſo great; becauſe in 
that Caſe the Sine of the Complement of the Angle of Traction is reduced 
to nothing, or being infinitely ſmall, the Power applied at T muſt be in- 
finiiely great; ſince, by what we have ſhewn, that Power: muſt be to the 
Weight:: as the Sine of the Angle of Inclination : is to the Sine Comple- 
ment of the Angle of Traction. | | 

Before I quit this Subject of Bodies ſupported or drawn on inclin'd 
Planes, I beg leave to apply what has been ſaid in the ſecond Lecture *, * 28, 35, 47. 
to ſhew generally why a Body will be ſuſtain*d on an inclin*d Plane by an- 
other Body of leſs Weight (if the former be drawn in a Line of Directi- 
on parallel to the Plane, and the latter hangs perpendicularly) when the 

Weight of the great Body : is to the Weight of the little one : : as the 
Length of the Plane : is to its Height, The whole is deduced from this 
Principle laid down and explain'd in the ſecond Lecture, viz. That if the 
Center of Gravity of a Syſtem of Bodies does not deſcend, the Bodies cannot 
deſcend, Now 
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Now to apply this to our Purpoſe. ADB“ is an inclin'd Plane, whole 
Height is DB. If by means of a Pulley P the Weight w hanging perpen- 
dicularly does by a String hold the Weight W on the inclin'd Plane, and 
thoſe Weights are to one another, as the Length of the Plane to its Height 
(which here is as 2 to 1) they will remain at Reſt (that is, keep each other 
in Aquilibrio) whatever Part of the Plane W is laid on. Firſt, let 
the Situation of the Bodies be Wand w; draw the Line mn which joins 
their Centers of Gravity, and having found their common Center of Gra- 
vity at C* (CM = 2 Cm) draw H han horizontal Line through that com- 
mon Center; and then whatever Poſition the Bodies are in, or whatever 
Part of the Plane W be plac'd on, their common Center of Gravity will 
{till be in the horizontal Line Hb. If W be remov'd to V, w will fall to 
u, and the common Center Gravity will be at &. If the Centers of the 


Bodies be at E and e, their common Center of Gravity will be at K, till 


in the ſame Line H; which may be eaſily prov*d, becauſe the Triangles 
15 C, H C, hqk, rok, Sc. are all ſimilar. Since therefore there is 
no Pofition of W on the Plane, and of w in the Perpendicular w q, which 


can alter the Height of the common Center of Gravity of the Bodies, they 


muſt be in Æquilibrio, becauſe they can't fall unleſs their Center of Gravity 
deſcend, Q. E. D. | | ; 


COROLLARY. 


Hence alſo appears the Reaſon why two unequal Bodies will ſuſtain 
each other upon unequal Planes of the fame Height, whoſe Lengths are 
to one another reciprocally as the Bodies, For example, let the Weights 
F and G“, join'd by the Cord FP G running over the Pulley P, be to one 
another in Weight as the Planes A B, BD (whoſe common Height is BE) 
on which they reſpectively reſt. Find their common Center of Gravity C, 
and through C draw an horizontal Line; then you will find as before, 
that however you alter their Situations on their reſpective Planes, their 
common Center of Gravity will ſtill be found in the fame horizontal Line 
that goes through C, Sc. | 


8. [37. An upper or fix d Pulley adds no Force to the Power, but 
only prevents the Friction by making the Rope run eaſily ; and ſo much the 
more, as the Sheever is bigger than the Center-Pin upon which it turns.) How 
much the Friction of a Roller or upper Pulley is diminiſh*d in proportion 
as the Center-Pin, or the Gudgeons are leſs in Diameter than the Wheel or 
Roller, I ſhall exactly ſhew in the next Lecture. Now. I ſhall take notice 
of the Diminution of Preſſure upon the Center-Pin of a Pulley, which al- 
ways happens in a certain Proportion of the Weights which hang on each 
fide, when they are in motion, and that without regard to the Bigneſs dd 
the Pin, which in this Caſe may be conſider'd as a Line. The Thing in 
general is comprehended in the following | 


PRrRoPO- 
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PROPOSITION, 


When a String or Rope runs over a ſingle Pulley or Roller by the Deſcent 
of the preponderating Weight (the other Weight riſing at the ſame time) the 
Preſſure on the Axis of the Pulley is always equal to the Quadruple of the Pro- 
duct of the Weights multiplied into one another, and divided by the Sum of the 


ſame Weight. 
Plate 16. Fig. 11. 


The Pulley is D E, its Center C, the Weights p and , and the running 
Rope p Dr Eg. I fay, that the Preſſure on the Axis or Center C is = 


iff 
ans 6 


Plate 15. Fig. 12. 


The Pulley being repreſented in this Figure by the ſame Letters as 
before, draw at pleaſure the Lines D d and E e, in which the Weights riſe 
or fall. Draw from the Center of the Pulley C &, parallel to the ſaid Lines; 
then thro* the Point o taken any where in the Line C #, draw the horizon- 
| talLinepg, and taking the Diſtance p P equal to 9 Q, draw the oblique 

Line Po Q. From the Point c, the common Center of Gravity of the 

Weights, repreſented by the Letters p, q, and ſuppos'd to hang at thoſe 
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Pl. 15. F. 17. 


F. 


Points, let fall the Perpendicular c g, till it meets the Line PO. If we 


conſider p q as a Balance of unequal Brachia, whoſe Lengths are in the re- 
ciprocal Ratio of ꝗ to p, ſo that the Weights p and q ſhall upon it keep 
one another in Ægquilibrio, we may call c q the Leaver of the greater Weight 
9, and pc the Leaver of the leſſer Weight p; and if we ſuppoſe the 
Weight 9 to deſcend as far as Q, whilſt the Weight p rites as far as P, 
(through an equal Space) becauſe Pg is to gQ aspc to c 4, the Line 
cg will repreſent the Deſcent of the common Center of Gravity of the two 


Weights, 


DEM TRATION 


The Sum of the Weights p +9: is to their Difference — P:: as 
the Sum of their Leavers pc +c9: to their Difference pc =; and 
conſequently : : as half the Sum of their Leavers og: to half their Diffe- 
rence oc; and likewiſe, (by 2 and 4. 6. Zucl.):: as qQ the Velocity of 
the Weight deſcending : to c g the Velocity of the Center of Gravity de- 
— Now taking out of q a Weight equal to p, there remains only 

ot. . | | L | 
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Annotat. 9— to give Motion to the Weights by the natural Gravitation of it. 
Lect. III. But the Momentum of q — p by the natural Gravitation is qv —p v (v be- 


— nn 


| P Fo 
logy,Þ+9:4—P:: 20: ; therefore we have p+q:q—p:: 


ing taken for the natural Velocity of the Weight falling) therefore the Ve. 
locity expreſs'd by g Q will be . But before, we had this Ana- 


— —_ oh 2, the Velocity of the Center of Gravity, which will be 
. 88 c | 

e.. 

erer 
Therefore the Momentum of the two Bodies will be that Velocity mul. 

tiplied by the two Bodies, and conſequently the Momentum of the Fall 


of the two Bodies will be ee — 5 XV. Now if the two Bedies 
7 
g>+p fell wholly, their Momentum would begqw+Pv ; but as we muſt 


ſubtract only that which falls off the Bodies, viz. | Hani 4 . ; , there 


| q 
is a Remainder of the Bodies which does not fall, and that Remainder of 


| _ conſequence muſt reft upon the Center and preſs the Axis. Now this Re- 


Pl. 15. F. 13. 


mainder, by making the Subtraction, appears to . . D. 


Sc HOL IU M. 


Hence it follows, that if be equal to q (in which Caſe there will be 
no Motion of the Weights, ) the Preſſure will be 2 p=p—+9q ; and if 3 be 


infinite, the Preſſure is 4 p. > 
Jo try this practically, I made the following 


EXPERIMENT. Pl. 13. Eg. 13. 


I ſerew'd a very nice Pulley D to the bottom of the Scale 5 of the 
Balance A B moveable round the Center C, and having balanc'd the Pul- 
ley by Weights in the Scale a, I faſten'd to a String the two Weights p 


and q, weighing 2 and 6 Ounces; then having put the String over the Pul- 


ley D, I plac'd 6 Ounces and one Penny Weight in the Scale a, kept from 
riling by a Thread, which join'd in bottom to the fix'd Hook H, whilſt 
the whole Balance hung by another fixd Hook at M. Supporting the 
great Weight 4 by a Ruler held at e horizontally under it, I on the 
ſudden remov'd e to give q leave to deſcend ; which when it did, the 


Preſſure on the Axis of the Pulley D was ſo much diminiſh'd (during Ls 
| _ a g 


ec 


to 


Th VWs ein ip to CT tw 


cy 
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| Riſe of p and Deicent of ) that the Scale à ſunk by the Action of the Annotat. 


little Weight 4, even when it was a great deal leſs than a Penny- Weight, 
as plainly appear*d by the Thread H growing ſlack. 

When 4 was =12 Ounces and p=3, the Counterpoiſe in the oppoſite 
Scale was 9 Ounces and 12 Penny-Weight, according to the Theory, and 
the Experiment agreed with it ; there being a viſible Deſcent of the Scale 
a, by the Addition of the little Weight d, even when it was leſs than the 
zooth Part of 9, c. Take q and p in any other Proportion, and ſtill the 
Experiments will agree with the Theory. 

This Way of conſidering the Preſſure upon the Axis, may alſo be applied to 
the Axle in the Wheel in the following manner: 

Let ACB * be an Avis in Peritrochio, whole Wheel is AB, C the 
Center or Axis of Motion, and A X the Axle, g one Weight (commonly 
the greater Weight) and p the other; the Line p, as a Leaver unequally 
divided at o, repreſents by its Part q o the Arm or Semidiameter of the 
Axle A C, and by its Part op the Arm or Semidiameter of the Wheel CB. 

The Bodies p, 4, being in the Situation repreſented in the Figure, and 
p b greater than q a, the Part of p which makes an Ægquilibrium with q 


will be- 55 and conſequently there will be left of p only p — 75 or 


(making V equal to the Velocity with which Bodies fall) 


to give Motion to the two Bodies; becauſe the Remainder of the Weight 


of the two Bodies, p V +9 V, namely g2V > 2 of the two Bodies of 


Equilibrium q + = will remain preſſing on the Axis of the Machine, Let 


« be the Velocity of p, the Velocity of q will be — „ and its Momentum 


will be! 5 5 which added to p 1 the Momentum of p, gives boo. ＋ — 


equal to the whole Momentum produced by the Force or Momentum 


2 7 . Therefore ſince the Momentum produced is always equal 
to the Momentum which produces it, we have 2 — [ft — gaV 
„ — as pbaV—qaaV ; 

hich = = ES ZE 224 
which gives 7 an 7 ITS. , Which 
gives the Momentum of q = £ 5 — — x V; which Momentum 2 


will give it as it bears on the Axis, and conſequently the Axis muſt ſuf- 
fer the Preſſure of it. And as , by its Reaction upon p, will make it loſe 
2 2 | as 
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Annotat. as much (bearing alſo upon the Axis) or will as much retard its Deſcent 
Lect, III. the Axis muſt of neceſſity by this equal Action and Reaction — 


27564 —2494 4 g ws ; ; 
double Preſſure 3 * V; to which adding the Weight 


24 +9a wos Bodies of Aguilibrium, the whole Preſſure on 


5 | 
the Axis will be equal to ap DAZ A/ -,] 
 pbb+qgab 


viding by the Denominator as far as we can) it will be equal-to q + 
Sa -——woo V 33 , I 
3 - 7 77 - - . Therefore the Axis bears as much Weight as if 


it {uſtain'd the Quantity of _ q + 3 aL: 2 


Doo NE 


If y S 24, the Preſſure is q + p, or q + 4 (according as p 6 is ſet 


e:) 
Pp 446 


down for q a, or the Reverſe in the Form 
becauſe in that Caſe 95 =P. 
COROLLAREF 


If p be infinite, the Preſſure is 9 + — or the Weight 7 together with 


three times the Weight that is able to keep it ia AZquilibrio at the Di- 
{tance of p, as in the Pulley above-mention'd, where the Preſſure is 


. If 3 be infinite, the Preſſure then is 4 5; and if 5 be infinite, the 
| | 95. | | | N 
Preſſure is only equal to 4. 


N. B. This may be given as a general Rule for the Preſſure on the Axis, 
either of a Pulley, or of a Wheel and Axle, by the two Bodies atting 
againſt each other, viz. | | | 


As the Momentum of the two Bodies falling freely: 
To the Momentum which is loſt when they att on each other by means of 
| the Machine:: | | 
So is the whole Weight of the Bodies: 


To the Weight preſſing upon the Axis, 1 


or (di- 


. 
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having at firſt conſider'd, that the riſing and falling Weight in the turn- wma 


ing the Avis in Peritrochio, partake of the Nature of a Pendulum (becauſe, 
as they have different Velocities, they mutually accelerate and retard one 
another) gave me afterwards the following Solution, wherein that Error is 
corrected. But, as it depends upon the Doctrine of Pendulums, which I 
have only conſidered towards the End of this firſt Volume, I thought pro- 
per not to give it the Reader till after I had treated of Pendulums, But, 
before I enter upon Mr. Daudé's Solution, it is proper to premiſe ſomething 
concerning the Center of Oſcillation, | 


1ſt, The Center of Gravity of two Bodies join d together by a mathema- 
tical Line, is that Point in the Line, where each of thoſe two Bodies acts with 
its whole Weight in a State of Reſt ; and this happens when their Momenta, 
which are in that Cafe the Product of their Quantities of Matter, by their 
Leavers, or Diſtances from that Center of Gravity, are equal, So that that 
Center feels the Weight of both Bodies. | 


2dly, The Center of Oſcillation of two ſuch Bodies, is a Point in that Line, 
upon which the two Bodies in Motion act with all their Momenta ; and this 
happens, where the Products of their Momenta, by their Diſtance from that 
Center of Oſcillation, are equal; in which Point their Forces being equal, 
and their Motions not being contrary to one another, they act, or fall, ſo that 
this Point moves with the natural Velocity of falling Bodies, and they ſtrike 
an Obſtacle with their whole Weight, | 


zdly, If we ſuppoſe theſe two Bodies revolving round the Center of Suſ- 
penſion, the Centers of Gravity and Oſcillation will both be on that Side, 
where the greateſt Momentum is, | 5 | 


4thly, If the Center of Suſpenſion be between the two Bodies, the Cen- 
ter of Oſcillation will be on the Outſide of the two Bodies. But if the 
Center of Suſpenſion is on the Outſide of the two Bodies, the Center of 
Oſcillation will then be between the two Bodies. 


Now, the Propoſition, according to Mr. Daud?s laſt Solution, will be 


thus expreſs'd. | 
PROPOSITION 


To find the Preſſure, which two Bodies p and q in their Motion, with con- 
ſrary Directions, exert upon the Center-Pin of. an Axis in Peritrochio, or 
double Pulley made of one Piece. | 


Let us ſuppoſe p greater than , then the Center of Gravity of the two 
Bodies p, q, being beyond their Center of Motion c towards the Body a, 
the Body 9 will deſcend and cauſe the Body p to riſe, 

| — Therefore 


/ 
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The late Mr. Peter Daud?, from whom I had this Propoſition concern- Annotat. 
ing the Preſſure upon the Center-Pin of an Axis in Peritrochio, not Lect. III. 


Pl. 8. Fi 
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Annotat. Therefore to find their Center of Gravity , we muſt make uſe of 
Lect. III. this Analogy ; 
—— gi pt: 2 +a—2: 2, and qz=pb4+pa—Pp2, which gives 2 = 


BY 2 and taking that Value from 4, we have a, — 7 2 — "FLO : 
pF 27 gtp 


Now, dang the Motion of the two Bodies ↄ, 7. as that of a fondle 
Pendulum, whoſe Weights P, 4, hang one below the Center of Suſpen- 
ſion, and 'the other above it, we muſt find their Center of Oſcillation 


thus; 
24: Pp: 5 Kae: * (20% and g - „5 Ta: x 220 


* e eee 2 92 C0. 


qa—pb 3 r 


Therefore ſince the Center of Oſcillation falls with the natural Velocity 
of 2 Bodies, which we 0 call Vr, let us make this Analogy 


n: a? : : V (1) 5 p, the Veloci 

58, ity of the Fall 
2 ) FEE) : 
of the Center of Gravity . Then reducing the two firſt Terms of this 
Analogy to the ſame Denominator, we ſhall have this, c o (qq 4a ＋ p 
renn. 5 


= 2e =5 2, the Velocity of the Fall of the 


qqaatgpbbtpgaatpp bb 
Center of Gravity. Therefore multiplying that Velocity of their Center 


of Gravity by the Sum of the two Bodies p + , we ſhall have the Mo- 
mentum of their Fall (or ſo much of their whole Weight as actually falls) 


equal to A - 5 2 2 < which being ſubtracted from their 
4a 4 9 a 
whole natural Momentum, namely from q V + p V, there remains 


. 1222 I, mc is ſo much of their 
44 t gaa+pbb | 
Weight as preſſes upon c their Center (or rather Axis) of Motion. 
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From the laſt Equation but one, may be . the following Corol- 
laries : | 


COROLLART » 


It a, the Preſſure on c the Axis i is IH 1 - „ AS in che ſingle Pulley. 
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c 0, ↄ ↄ—— 


be 


If q be infinite, the Preſſure upon the Axis will ; whence if 
| - | 


2= b, the Preſſure will be 4 P, as in the ſingle Pulley. 
CON M 3 


If b be infinite, the Preſſure upon the Axis will be 9, becauſe then the 
Leaver à is nothing in reſpect of the Infinite 5. Rs. 


co 4 


If a be infinite, the Preſſure upon the As will be p, becauſe then the 
Leaver 5 is nothing in reſpect to the Infinite 4. 


SC H 


It has been found above, that the Preſſure upon the Center of the 
Axis in Peritrochio, is denoted univerſally by this Expreſſion, 


(p34 +2 g nag 08 ; but when 4 a=p b, there is an Ægquilibrium, and 
qgaa+pbe 
then the Axis ſupports the two Weights p , and in that Caſe 


e289 +2 K muſt = 9 + p; which (ſuppoſing it ſo) gives 


aa 
qpbb+2 be a+qpaa=qqaagpbb+pqgaapppt5; therefore 
by Reduction, 2 4pba=qqaa+ppbb,andqqua—2qiatppbb=o; 
and by extracting the Square Root qa — p b=0o, and conſequently q a=p 5, 
Therefore it is true, that when qa=p b, one may equally deduce from it 
the truth of our general expreſſion z namely, That the Preſſure upon the 


Axis is 2 +p. Q, E. D. | | 


The Weight, which preſſes upon c the Axis of the double Pulley can- 
not be increas'd by the Acceleration of the Weight , becauſe what makes 
the Weight of Bodies, which do not fall, by reaſon of an Obſtacle hindering 
them, is only every ſingle Impulſion of Gravitation, and not the Sum of many 
of thoſe Impulſions ; becauſe each particular Impulſion is deſtroy*d by the 
Obſtacle as ſoon as it is given. But the Impulſions upon the deſcending 
Weight, do each of them give it a Velocity, which is not deſtroy'd ; 
therefore the given Velocities, being accumulated, cauſe an Acceleration 
of Deſcent in the Weight q, whilſt the Weight, that preſſes on the Axis 
of the Machine or Pulley, is always equal and the ſame, 
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Lect. III. 
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. Pi. 1 5. F. 15. 


pl. 15. F. 16. 
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9. (41. — Mile 2 goes dowontoa, 1 goes up to B juſt mice as far, &c.] 
There is another Caſe of raiſing a Weight by ſpa. ated Pulleys, which ! 


omitted here. It is mention'd by Dr. Pemberton in his View of Sir Isa ac 


NEwWTox's Philofophy. I ſhall firſt give his Solution of it, and then ſhew 
how eaſily it may be reduc'd to our Rules, by proving, that however 


that Caſe is varied, there will be till a reciprocal Froportion between the 


Power and the Weight, and their Velocities. The Weight W * is ſuſtain'd 
by the Power P, by means of the three Pulleys, C, D, E, of which C is fix'd 
and the others moveable, and a Rope goes from the Weight to each Pulley 
as repreſented in the Figure. To explain the Effect of Pulleys thus applied, 
eit will be proper to conſider different Weights hanging as in Fig. 16 *. 
Here if the Power and Weights balance each other, the Power P is 
equal to the Weight w ; the Weight w is equal to. twice the Power P, or 


twice the Weight ww; and for the ſame Reaſon the Weight W is equal to 


iz. F. 15. 


„twice the Weight w, or equal to four times the Power P. It is evi- 
« dent therefore, that all the three Weights w., w, W, together, are equa] 
eto ſeven times the Power P. But if theſe three Weights are join'd 


in one, they would produce the Cale of Fig. 15 f. So that in that Fi- 


e gure the Weight W, where there are three Pulleys is ſeven times the 
% Power P. If there had been but two Pulleys, the Weight would have 
„ been three times the Power; and if there had been four Pulleys, the 


Weight would have been fifteen times the Power.” 


To explain this our way, let us conſider the Weight W to be rais'd 
one Inch, as from the horizontal Line A B, to the horizontal Line 4 5, and 
from the Make of the Machine find what muſt be the Velocity of the 
Power. Firſt then, the Point F of the Rope going over the Pulley C, 
muſt deſcend one Inch, v:z. from the Line FF toG eg, (becauſe W fa- 
ſtened to the ſaid Rope, riſes one Inch by Suppoſition) and the Pulley D 
faſtened to the ſaid Rope DF, muſt alſo deſcend one Inch. From the 


Deſcent of the Pulley D one Inch, the Point H of its Rope muſt deſcend 


two Inches, as it is ſupplied from both Sides of the Pulley; but an Inch 


the Intenſities of the Power and Weight and their Velectties, 


more of the ſaid Rope muſt be ſupplied by the Riſe of the Weight W; 
therefore the Point H will deſcend three Inches, or from Hg to II. 
Laſtly, As the Pulley E deſcends three Inches, becauſe it hangs by the 
Rope H I, the Point K of the Rope K P (being ſupplied from both Sides 
of the Pulley E) muſt deſcend fix Inches on that account, and one Inch 
more on account of the Riſe of W : Therefore the Point K of the laſt 
Rope, by which the Power P pulls, will deſcend ſeven Inches, viz. from 
the Line K & to the Line LJ, whereby the Power allo will deſcend the 
1ame Diſtance, namely, from P to p. Conſequently one Pound at P in- 
ſtead of the Hand, will ſuſtain the Weight W ſeven times as big, 7 x 1 
being equal to 1x7 Therefere, in this Combination of Pulleys, as well as 
in all others, and indeed in all mechanical Engines (as we have often ſaid) 
where there is an Fquilibrium, there will be a reciprocal Proportion between 


10. [41. 
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10. [ 41. —— The Ropes &c. (applied to Pulleys) are always ſupposd Annotat. 
parallel, except where it is otherwiſe expreſs'd.] Tho? in a Combination of Lect. III. 
Pulleys, where the laſt Pulley is a fix*d one, as in the 4th, 5th, 6th, 7th, 
Sth, and gth Figures of Plate 10 *; the Force exerted (ſuppoſing a Man * Pl. 10. F. 4; 


or Men to draw) is the ſame in whatever Direction the Power draws the 5, 6, 7, 8, 9. 


running Rope ; yet if the Ropes that are applied to the Block or Blocks 
which come up with the Weight, are not parallel, Force will be loſt in 
proportion to their Obliquity. | 
Suppoſe the Weight W *, together with the lower or moveable Pulley Pl. 15. F. 17. 
C, from whoſe Center it hangs, to weigh 6 Pounds ; if it was ſuſpended 
at c, it would require a Force equal to 6 Pound to ſupport it : and there- 
fore if you ſuppoſe two upper, or fix*d Pulleys, as A, B, to have over 
them a Rope, at each End of which hangs a 3 Pound Weight, whilſt the 
middle of the Rope comes under the Pulley C, it is evident, that the two 
Weights (or rather Powers P and P,) being both together equal to the 
Weight, muſt alſo ſupport and keep it in Agquilibrio. Now, ſince P and 
P balance one another; if P be taken away and the Rope made faſt at a, 
P alone will ſupport the Weight W, as we have ſaid and explain'd alrea- 
dy r. And this will appear more evident, if we reduce the Pulley C to + 5. 
a Leaver, after the manner ſhewn in the ſecond Note of this Lecture ®, In * . 3. Ann. 
this Caſe m u is a Leaver of the fecond Kind, in which the Center of Mo- 2. P. 136. 
tion or Fulcrum is at n, the Weight W draws at right Angles at o with 
the Diſtance on, whilſt the Power with the double Diſtance n draws 
alſo at right Angles in the Direction m B. Now, if the Pulley B be re- 
moved to &, the Direction of the Power will be changed and become þ m, 
conſequently its Force will be diminiſh*d in proportion to the Obliquity 
of its Direction; that is, the Power able to ſuſtain the Weight in the 
Direction : is to the Power which ſuſtains it in the Direction m B:: as 1 
m: is to BM. | +L.3.Ann.z. 
From this Conſideration may be deduced this general Rule for knowing P. 146, 147- 
the Intenſity of the Power or Powers, which drawing obliquely over fix'd 
Pulleys, cauſe a Weight hanging from the Center of a moveable Pulley to 
riſe directly up. FE, 


As twice the Tangent of the Angle of Inclination (that is, the Angle made 


by the Line of Direction of the Power, which is the oblique Rope 
with the Horizon:) | 
To the Secant of the ſaid Angle : : 
Jo is the Weight, when one End of the Rope is xd: 
To the Power drawing obliquely, | | EL 


But if two Powers (one at each End of the Rope) be male uſe of, then 
the Analogy will ſtand thus: 1 | | 
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Annotat. 


Lect. III. 
— 


pl. 15. F. 17 


A Conrſe of Experimental Philofophy. 


As twice the Tangent of the Angle of Inclination : | 
To twice the Secant of that Angle : : 

So is the Weight : | 
To the Iwo Powers taken together. 


PE REP AR-ATL ION, 


Let the Pulleys A, B, * be removed to a b, and the Line b m and a u pro- 
duc'd till they meet at C; join the Centers of the Pulleys a, b, by the 
horizontal Line 24; draw E D parallel to @ 5, from E to taken, that De 
may be equal to DC; and making De = D C, draw Ec: draw or per- 


pendicular to C5. 


L. 2. 22. 


Fi. 15. F. 17. 


ons rie o. 


Since c C is the Line of Direction of the Weight W, it muſt be perpendi- 


cular to @ & * the horizontal Line, and conſequently parallel ro B N; 
therefore the Triangle c C is ſimilar to the Triangle B 9 &, (by 4. 6. Zucl.) 
and for the ſame reaſon D E. C is ſimilar to c C, and c DE is alſo ſimi- 
lar to them and equal to D CE, becauſe of the right Angles at D, and 
the common Side D E and equal Sides DC = D c. Beſides, the Triangle 
4 C c is ſimilar to the others above-mention'd, becauſe as the Weight W 
(or its Center of Gravity) deſcends as low as it can, a C 6 muſt be an 
Tſoſceles Triangle biſſected by the Line of Direction c C. Now if Ce re- 


preſents the Intenſity of the Weight hanging on the Center of the lower 


Pulley C, its half D C will repreſent the Intenſity of the Power drawing 
directly, or at right Angles to the Leaver m u, and C E its Intenſity when 
drawing obliquely ; and ſince the Angle DEC = c 4C, EC the Secant 
of DEC will be the Secant of the Angle of Inclination ; and D C the 
Tangent of D E ©, will be the Tangent of the Angle of Inclination ; and 
its Double is Cc, repreſenting the Intenſity of the Weight. Q, E. D. 

If the two Powers are uſed, P will draw with the ſame Obliquity as P, 
becauſe the Angle a Cc =c C5; therefore PP: p +p:: DC +Dc: 

This may be experimentally tried by taking the Weight W together 


with its Pulley equal to 6 Pounds, and the Weights P and P equal to ; 


Pounds each ; for then if the Pulleys A and B be fix'd at the Diſtance 
of 8 Inches from each other at their Circumference, as at à and 6, the 
three Weights will not reſt till the Line Cc be juſt 3 Inches long, in which 
Caſe the Triangles a Cc, c Cb, ED C, D Ec, mo C, and o C r will have 
their three ſides in the Proportion of 4, 3, and 3. But the beſt Method 
of trying all Cafes of this kind, is to make uſe of the Machine contriv'd 
by Dr. £Grave/ande for that purpoſe. (Sce his Introduction to Sir /aac 


| Newton's Philoſophy, Part I. NY. 205.) On the Plank or horizontal Board 


_ #PLus.F.18, 


oy 
* 4 


H Þ are fix*d two Standards 8, S, which have, each on its upper _ a 
| | | | Sextant 


„ 


bs ch i CH CÞ Wl 


$9 foals ©. 


»t— 
er 


u, o, repreſent three immoveable Rubs, whoſe Eminences or Tops reach 


proportion to the Intenſity of the Weight, (that is, in proportion to the 


Plane touches the Top of a Rub, 


To its: Cœſine. | | : 
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Sextant with ſeveral Lines drawn from a Center taken on the upper Part Annotat. 
of a Pulley, along which Lines the Threads going over the Pulleys may be Lect. III. 
ſtretch'd. In the middle of the Lines are written the Numbers which expreſs vv. 
the Secants of the Angles which thoſe Lines make with the Horizon, and at | 
the Ends of the Lines are written the Numbers expreſſing the Tangents 

of thoſe Angles. Now in making Experiments it will appear in every 

Caſe where there is an Ægquilibrium, that the Weights Q and Qs are as 

the Numbers in the middle of the Lines along which the Threads are 

ſtretch'd; and the Weight Pas the Sum of the Numbers at the Ends of 

thoſe two Lines. | | | 


11. [48. A leſs Power will ſerve &c. — unleſs it puſhes the Body 
againſt the Plane, &c. or draws it away from the Plane, &c.] We have 
in the 7th Annotation conſider'd all that relates to a Body moving on an 
inclin'd Plane, and therefore refer to that; but it will not be improper 
here to take notice of the Difference between high Wheels and low ones, 
as they roll over uneven Grounds or Rubs : Becauſe tho? this Motion 
cannot be conſider'd in every reſpect like the rolling of Bodies on in- 
clin'd Planes; yet there are a great many Things alike in both Caſes. 
Let the Line a þ* repreſent the horizontal Plane, or Way on which a *Pl.15. F. 19. 
Wheel, repreſented by the Circle /C hg, is to roll from à towards b. m. 
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as high as the Points dg ; while the Power draws the Wheel in the Line 
of Direction c CE. To know what the Intenſity of the Power muſt be in 


Weight of the Wheel) we may ſuppoſe a bended Leaver in the faid 
Wheel, and are to conſider its Effect in the Operation, which being well 
examin'd, will give us this general Rule for all Caſes of a Wheel going 
over a Rub on an horizontal Plane; the Line of Direction drawing along 
the Center of the Wheel being alſo ſuppos'd horizontal. 

When the Circumference of a Wheel moving vertically on an horizontal ; 


The Weight : (taking in the Weight of the Wheel) 
[s to the Power that can draw the Wheel over the Rub : : © 
As the Sine of the Angle, which a Line drawn from the Center of the Wheel 
to the Top of the Rub, makes with the horizontal Line : 


PRT N TH10N; 


Through d the Top of the Rub m d, and through g the Top of the pl. 15. F. 19. 
Rub z g, draw the horizontal Lines e 4, 7g; draw the Radii c d, c g and 
c h, the laſt of which is parallel to the Horizon, and muſt be produced as 
far as p; with the Radius cd, and Center 4 draw the Arc c &; then from 
the Points d and g draw 4f and g 7 perpendicular to ch, and round & for 
| a 2 2 
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Annotat. a Center draw the Circle C D d equal to CI , which will repreſent the 
Le&. III. Wheel rais'd up upon the Top of the Obſtacle or Rub m d. 
b e ; 


DEMONSTRATION. 


In reſpe& to the Rub d n, c de is a bended Leaver, whoſe Fulcrum is d 
and Brachia c d, de; but as the Power draws obliquely to the Brachium 
dc in the Line pc, the Brachium de muſt be reduced to f d perpendicular 
to the Line of Direction, (being the acting Diſtance of the Power) but 4e 
preſerves its whole Length, becauſe c q the Line of Direction of the 
Weight goes perpendicularly thro? its Extremity e. Therefore here the Weight 
and the Power will be to one another reciprocally as the Brachia f d and de; 
but / d is the Sine of the Angle fc d, (= c de) which the Line c 4 makes 
with the horizontal Line d e, or its Parallel c f, and de its Coſine. Q. E. D. 


TCHOLIUAM 


If the Rub had been »g, twice as high, the Difficulty of drawing the 
Wheel over it would have been more than twice as. great; becauſe in 
conſidering the bended Leaver c g r acting in that Caſe, it muſt have been 
reduc'd to another bended Leaver ig r, in which the Power: is to the 
Weight:: as rg: to g i, where the Diſproportion of the acting Diſtance 
is more than doubly increas'd to the Diſadvantage of the Power. 


COROLLASE: £ 


Hence follows, that the Difficulty of a Wheel to go over a Rub in- 
creaſeth in a greater Proportion than the Height of the Rub ; the Rubs 
of different Heights compar'd together being always as the verſed Sines of 
the Complement of the Angle of Inclination, when the Power : is to the 
Weight of the Wheel and what it carries : : as the Sine Complement to the 
Sine of the Angle of Inclination, which laſt Ratio increaſes faſter than the 
verſed Sines. 


COROLLARY Il. 


Hence follows alſo, that a Wheel cannot by any Power, how great ſo- 
ever, be drawn over a Rub whoſe Top is as high as the Axis,. (as for ex- 
ample the Rub o þ,) becauſe in that Caſe the Sine Complement is become 
the whole Sine c, and the right Sine is vaniſn'd; or, what is evident by 
the Scheme, the Power draws againſt the Fulcrum where it can have no 
Effect at all, let its Intenſity be ever ſo great; unleſs the Direction — the 

| ower 


* 
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Power be made to alter, and it ſhould draw upwards : Therefore in Practice, Annotat. 
eſpecially where Carriages are to go upon rough Ways, it is ufual to make Lect. III. 
the Horſes or Oxen draw a little upwards from the Center of the Fre- 


Wheels. 


_ 


COROLLARY Ik 


Hence likewiſe may be ſeen the Reaſon why high Wheels go over Rubs 
more advantageouſly than low ones, and that m proportion as they are 
higher : becauſe the Lengths of verſed Sines being (ceteris paribus) as the 
Diameters of the Circles to which they belong ; that Rub, whoſe Height 
was the verſed Sine of an Arc of a certain Number of Degrees in a leſ- 
ſer Circle, will be the Sine of an Arc of fewer Degrees in a greater, in 
proportion as it is greater: therefore the Sine Complement, or horizontal 
 Brachium of the bended Leaver bearing the Weight, will be leſs, and the 
Sine of Inclination or perpendicular Brachium of the Leaver, to which the 
Power 1s applied, will be greater. Beſides, the high Wheel will not only 
go over Rubs impoſſible to the low Wheel, but ſeveral other Rubs ſtill 
higher, provided their Height be not equal to the Semidiameter of the 
great Wheel. As for example in Fig. 20*, the Intenſity of the Power «p,,. p.29. 
P drawing the great Wheel C D over the Rub D along the horizontal 
Line @ 5, is but half the Intenſity of the Power p drawing the little Wheel 
c g over the ſame Rub at g, ſuppoſing the Wheels of the ſame Weight; be- 
cauſe it is not the bended Leaver ig r, which is transferred from the little 

Wheel to the great one at F D E, but the Leaver fd e, whereby the little 
Wheel is drawn over a Rub only of half the Height. So in Fig. 19. 7, the 4pl. 15. F. 19. 
great Wheel, part of whoſe Circumference is repreſented by the Semicircle 
H 9g, goes over the Rub M D with the ſame Eaſe, that the little one goes 
over m d; over the Rub N G (impoſſible to the little Wheel) with the ſame 
Eaſe that the little Wheel goes over » g, and has no Rub impoſſible to it 
(ſuppoſing the Intenſity of the Power ſufficiently great) till it becomes of 
the Height O H equal to its Semidiameter. 
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Laſtly, We may obſerve from what has been ſaid upon this Subject, that 
the greateſt Difficulty to bring a Wheel over a Rub is in the firſt Effort, 
and that the Action of the Power becomes continually eaſier as the Wheel 
rifes, whether the Wheel was at Reſt or in Motion juſt as it began to preſs 
upon the Rub; for the horizontal Brachium of the Leaver as e d ( ſup- 
poſing d the Rub) riſing continually round the Fulcrum d, when the 
Wheel is riſing from Cg tox D Ax, diminiſhes its acting Diſtance as Pl. 15. F. 19. 
the Line of Direction c q of the Weight comes from c ꝗ to & d, whilſt the 
Brachium d f, by which the Power acts, continues the ſame, as the Line of 
Direction of the Power goes from the Situation c into the Situation &: 
| for 
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for the Diſtance of the Horſes or Oxen, Sc. is ſo great in proportion 
to the Height of the Rub, that we need not look upon the Point « as 
rais'd at all above the Horizon; nay, if the Horſes draw a little upwards, 
every Advance of the Line of Direction of the Power towards the Point x 


will be a more advantageous Situation of it. 


Pl. 11. F. 11. 


Pl. 11. F. 14. 


Pi . F. 14. 


From this laſt Confideration it appears, that when a Wheel, as C / g, 
goes over a Rub as m d or ng, we are not to conſider it as if it roll'd up 


an inclin'd Plane as g d or qg, where the Power drawing horizontally (as in 


the Caſe of the Wedge) acts uniformly, and that in the Ratio of the Baſe 
to the Height; the Power here being requir'd to exert much more Force 
at firſt, and leſs afterwards. 


12. {50. How much the Power muſt be increas*d in proportion to the 
* which its Line of Direction makes with the Plane, will be ſhewn in the © 

Notes.] All this has been fully conſider'd in the ſeventh Annotation to 
this Lecture. 


15. [62.—— This ſort of Thread 15 not uſed in Wood, but in Iron, and o- 
ther Metals, it is of good ſervice, being commonly more durable. and raiſing 
the Weight with more eaſe than the Sharp-Thread, as will be more fully 
Heron in the Notes.) The Square-Thread is ſeldom or never made uſe of 
in Wood, becauſe then the prominent Parts of the Screw, ſuch as P, N, 
L, H, Q, O, M, K, I, (Plate 11. Fig. 11.) would have no more Strength 
than the lateral Coheſion of the Fibres of the Wood, for a Length very 
little greater than the thickneſs of the Thread all the way ; ſo that in 
very great Strains, the Arbor @ 5 c d might be ſtript of its Thread all the 
way, and ſo let go what it was intended to hold. But to prevent this 
Inconveniency, the hollow'd Part of the Screw 1s made ſharp cloſe to the 
imaginary Arbor, or included Cylinder, which thickens the Thread of the 
Screw next the Arbor; but then of conſequence it muit come to a ſharp 
Edge on the out- ſide. This may be ſeen in the 14th Fig. where, inſtead 
of the hollow B AC D, you have 4 4 d. 

Tho', by this means the ſharp-threaded Screw is ſtrongeſt in Wood, it 
is weakeſt in Metals, where the Thread is generally fine; for if the Male | 
and Female Screw do not exactly fit, but have a little too much Play, the 
Sharp- Thread of the one will gull (that is, cut and wear away) the Sharp- 
Thread of the other, Whereas in a Square-Thread, tho? there ſhould be 
ſome Play, there is no unuſual wearing out, a Flat bearing upon a Flat. 
Beſides, on the Sharp-Thread the Weight endeavours to deſcend (and there- 
fore reſiſts) with more Force than on the Square- Thread ; becauſe, be- 
ſides the Endeavour of the Weight to ſlide back on that inclin'd Plane 
which makes the Aſcent of the Screw, (which has been already explain'd 
in deſcribing the inclin'd Plane and Wedge) it has alſo an Endeavour to 
deſcend along another Plane (as ad, Fig. 14.) which makes the Sharpneſs 
of the Thread, and conſcquently the Power "mult be increas*d on that 
Score. T 
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To eſtimate what is the Force which the Sharp-Thread has to bear Annotat. 


the Weight on account of its Declivity, let us examine the Screw C D F, Lect. III. 


E M, * tuppoſing a Female Screw to be rais'd with all the Weight, which r Ig 
1.16... 


conſequently muſt preſs upon the Thread of the Male-Screw here repre- 
ſented at CIK PG H, Sc. which we will all reduce to the Preſſure on 
the Point P, WA B P being ſuppos'd the Weight preſſing, and WP its 
Line of Direction. Now, if we reſolve the Force W P repreſenting the 
Preſſure of the Weight downwards into the two Forces W A and WB, 
of which the firſt repreſents the Force exerted againſt the Declivity A D, 
and the laſt that whereby the Weight endeavours to go along A D with- 
out preſſing againſt it; it will appear (becauſe Action and Reaction are e- 
qua),) that the inclin'd Sharp-Thread only lifts the Weight with the Force 
repreſented by A W, whilſt the Force left, v7z. W B, carries down the 


Weight in the Direction A D, thereby drawing the oppoſite Side of the 


Thread of the Female-Screw to preſs the harder againſt the Thread of 
the Male-Screw at C, M. and E, &c. So that if the Weight does not 
happen to riſe perpendicularly (which it does not in many Cales) there 
will be a great Increaſe of Friction on the upper Side of the Screw. 


The Friction of the Screw being owing to many Cauſes, we ſhall confider it 


in another Place. 


14. 70 Pretenders to Perpetual Motions, and thoſe who promiſe 
greater Effetts by Machinery than 1s conformable to the reciprocal Proportion 
between the Intenſities of the Powers and Weights, and their Velocities.] 
About the Lear 1720, and 1721, the late Fohn Rowley, Mathemati- 


cal Inſtrument- maker, talk'd ſo much of the Wheel which he had ſeen at 


Heſſe- Caſſel, (which he believ'd to be a perpetual Motion, as well as a 
great many Perſons in that Country) that beſides the common Herd of 
Perpetual- Motion Men, which every Age affords, ſome very ingenious Men 
made an. Attempt that way, and were countenanc'd in it by ſome great 
Mathematicians, who, when the Scheme was laid before them, declar'd 


they knew no reaſon why it ſhould not do. But as I always declar*d 


againſt all Projects tending that way, I was deſir'd at that time to publiſh 
my Reaſons why the thing ſeem'd impoſſible or impracticable; which I 
did in the Philoſophical Tran/a#ions * in ſuch a manner, as might diſſuade 
People at firſt from any ſuch Attempts, in which ſo much Time and Mo- 
ney have been loſt. I have here printed the whole Account again; but 
deſire my Reader firſt to look aver what I have ſaid in theſe Notes, Page 
151 and 152, | 2 

The Vheel at Heſſe-Caſſel made by Monſieur Orfireus, and by him call'd 
a Perpetual Motion, has of late been ſo much talk*d of on account of its 
wonder ful Phænomena, that a great many People have believ'd it to be actu- 
ally a ſelf- moving Engine; and accordingly have attempted to imitate it as 
ſuch, Now, as a great deal of Time and Money is ſpent in thoſe Endeavours, 


4 was willing (for the ſake of thoſe that try Experiments with that View) 
| | 10 
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to ſhew that the Principle which moſt of them go upon is falſe, and ran by no 
means produce a perpetual Motion. | 

They take it for granted, that if a Weight deſcending in a Wheel at 
a determinate Diſtance from the Center, does in its Aſcent approach near- 
er to it; ſuch a Weight in its Deſcent will always preponderate, and cauſe 
a Weight equal to it to riſe, provided that Weight comes nearer the Center 
in its Riſe; and accordingly, as itſelf riſes, will be over-balanc'd by another 
Weight equal to it: and therefore they endeavour by various Contrivan- 
ces to produce that Effect, as if the Conſequence of it would be a perpetual 
Motion. | | 

But I ſhall ſnew, that they miſtake one particular Caſe of a. general 
Theorem, or rather a Corollary of it, for the Theorem itſelf, The The- 
orem is as follows: | 5 | 1 

1f one Weight in its Deſcent does (by means of any Contrivance) cauſe an- 
other Weight to aſcend with a leſs Momentum or Quantity of Motion than 
itſelf, it will preponderate and raiſe the other Weight. | 


COROLLARY AS 


Therefore if the Weights be equal, the deſcending Weight muſt have 
more Velocity than the aſcending Weight, becauſe the Momentam is made 
up of the Velocity multiplied into the Quantity of Matter. 


OROLL ARE. 


Therefore if a Leaver, or a Balance, has equal Weights faſten'd, or 
hanging at its Ends, and the Brachia be ever ſo little unequal, that Weight 
will preponderate, which is fartheſt from the Center. | 


SCHOLTIU M. 


This ſecond Corollary caufes the Miſtake ; becauſe thoſe, who think 
the Velocity of the Weight is the Line it deſcribes, expect that Weight 
ſhall be overpois*d which deſcribes the ſhorteſt Line, and therefore con- 
trive Machines to cauſe the aſcending Weight to defcribe a ſhorter Line 
than the deſcending Weight. As for example, in the Circle A DB a, 
(Fig. 2.*) the Weights A and B being ſuppos'd equal, they imagine, that if 
by any Contrivance whatever, whilſt the Weight A deſcribes the Arc A a, 
the. Weight B is carried in any Arc, as BS, fo as to come nearer the 


Center in its riſing than if it went up the Arc BD; the ſaid Weight 


ſhall be overpois'd, and conſequently by a number of ſuch Weights, a per- 


petual Motion will be produced. 


This is attempted by ſeveral Contrivances, which all depend upon this 
falſe Principle; but I ſhall only mention one, which is repreſented by 
Fig. 4. where a Wheel having two parallel Circumferences, has a Space 
between them divided into Cells, which being curved, will (when the 
Wheel goes round) cauſe Weights placed looſe in the ſaid Cells, to deſc nd 
on the Side AAA, at the outer Circumference of the Wheel; and ” 
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the Side D to aſcend in the Line B þ þ þ, which comes nearer the Certer, Annotat. 
and touches the inner Circumference of the Wheel. In a Machine of this Lect. III. 
kind, the Weights will indeed move in ſuch a manner, if the Wheel bei 
turn'd round, but will never be the Cauſe of the Wheel's going round. 
Such a Machine is mention*d by the Marquis of FYorcefter, in his Century 
of Inventions, in the following Words, No. 56. 
« To provide and make that all the Weights of the deſcending Side 
of a Wheel ſhall be perpetually farther from the Center than thoſe of 
e the mounting Side, and yet equal in Number, and heft to the one Side 
ec as the other. A moſt incredible Thing, if not ſeen; but try'd before 
c the late King (of bleſſed Memory) in the Tower by my Directions, 
« two Extraordinary Ambaſſadors accompanying his Majeſty, and the Duke 
0 of Richmond, and Duke Hamilton, with moſt of the Court attending him. 
« The Wheel was fourteen Foot over, and had forty Weights of fifty 
« Pounds a-piece. Sir William Balfore, then Lieutenant of the Tower, 
can juſtify it, with ſeveral others. They all ſaw, that no ſooner theſe 
great Weights paſs'd the Diameter of the Line of the lower Side, but they 
hung a Foot nearer to the Center; nor no ſooner paſs'd the Diameter 
Line of the upper Side, but they hung a Foot farther, Be pleas'd to 
judge the Conſequence.” Fs _ 
Now the Conſequence of this and ſuch like Machines, 1s nothing like a 
perpetual Motion ; and the Fallacy is this: The Velocity of any Weight 
is not the Line which it deſcribes in general, but the Height it riſes up 
to, or falls from, with reſpe& to its Diſtance from the Center of the 
Earth. So that when the Weight (Fig. 2.) deſcribes the Arc A a, its « pj 6. F. 2. 
Velocity is the Line A C, which ſhews the perpendicular Deſcent (or 
meaſures how much it is come nearer to the Center of the Earth) and 
likewiſe the Line B C denotes the Velocity of the Weight B, or the Height 
that it riſes to, when it aſcends in any of the Arcs B 5, inſtead of the Arc 
B D: So that in this Caſe, whether the Weight B in its Aſcent be brought 
nearer the Center or not, it loſes no Velocity, which 1t ought to do, in 
order to be rais'd up by the Weight A. Nay, the Weight in riſing near- 
er the Center of a Wheel, may not only not loſe of its Velocity, but be 
made to gain Velocity in proportion to the Velocity of its counterpoiſing 
Weights, that deſcend in the Circumference of the oppoſite Side of the 
Wheel : for if we conſider two Radii of the Wheel, one of which is ho- 
rizontal, and the other (faften*d to and moving with it) inclin'd under the | 
Horizon in an Angle of 60 Degrees (Fig. 3. +) and by the Deſcent of + pl. 16. F.;. 
the End B of the Radius B C, the Radius C D by its Motion cauſes the . 
Weight at D to riſe up the Line p P, which is in a Plane that ſtops the 
ſaid Weight from riſing in the Curve D A, that Weight will gain Velo- 
city, and in the beginning of its Riſe, it will have twice the Velocity of 
the Weight at B; and conſequently, inſtead of being rais'd, will overpoiſe, 
if it be equal to the laſt mention'd Weight. And this Velocity will be 
ſo much the greater, in proportion as the Angle A CD is greater, or as 
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the Plane P p (along which the Weight D muſt riſe) is nearer to the 
Center. Indeed if the Weight at B (Fig. 2.) could by any means be lifted 
up to g, and move in the Arc Þ 5, the End would be aniwer'd ; becauſe 

then the Velocity would be diminiſh'd, and become 8g C. 


EXPERIMENT. Fig. 3. 


Take the Leaver BCD, whoſe Brachia are equal in Length, bent in 


PL. 16. F. z. an Angle of 120% at C, and moveable about that Point as its Center : In 


FL 12 F. 3. 


this Caſe, a Weight of two Pounds hanging at the End B of the hori- 
zontal Part of the Leaver, will keep in Ægquilibrio a Weight of four Pounds 
hanging at the End D. But if a Weight of one Pound be laid upon the 
End D of the Leaver, ſo that in the Motion of D along the Arc p A, 

this Weight is made to riſe up againſt the Plane P p, (which divides in 
half the Line A C equal to CB) the ſaid Weight will keep in Æquilibrio 
two Pounds at B, as having twice the Velocity of it, when the Leaver be- 
gins to move. This will- be evident if you let the Weight 4 hang at D, 
whilſt the Weight 1 lies above-it: For if then you move the Leaver, the 


Weight 1 will riſe four times as faſt as the Weight 4. 


15. [80. The Wei go! and Gibbet would run back and reſt over W, 
&c.] In the third Figure of Plate 12, CG rg 5 repreſents the Top of the 
Gibbet with its Pulley at r its Extremity, and its Center (or the Top of 
its Axis) at C. It is to be obſerv'd here, that the horizontal Part of the 
Rope Cr is in the ſame Plane with the middle Line of the Gibbet, or 
that the Rope C is parallel to the Line Cr (under it) in the Gibbet. 
Now if it was poſſible for the Rope to continue parallel to the ſaid Line 
Cr in the middle of the Top of the Gibbet, whilſt it is mov'd to the 
left ſucceſſively in the Situations C 6, Cy, C8, or to the right in the Si- 
tuntions C1, C2, C3, C4. C3, the Guider, or Perſon who pulls and 
directs the Guide- Rope faſten'd at the End near g, would bring the Weight 
to any Place on the Wharf, on either ſide the Crane, without any more 
Labour than what overcomes the Friction of the Axis of the Gibbet. 

But when the Pulleys P and Q are plac'd at p and , the middle Line of 
the Gibbet advances towards P and Q faſter than the Rope does, which 
being oblig*d to fold about the Pulleys, makes an Angle with the Line 


above-mention'd; as for Example, the Angle p 8 u on the left Side and 34. 


on the right, the Angle being ſo much greater as the Gibbet is more drawn 
back on the Wharf towards the Crane. The Conſequence of this is, that 
the Weight (in this Motion of the Gibbet) muſt be rais'd in proportion 


as the Rope is lengthen'd by folding about the Pulley, or in the Propor- 


tion of C 8 to C8 on the left, and C 7 4 to C 4 on the right. Now if 
the Exceſs of the lengthen'd Rope above the Length of the middle Line 
of the Top of the Gibbet be (for Example) one tenth of the whole, 
then a Perſon holding the Gibbet by the Guide- Rope, in a Poſition which 


makes that Difference, muſt ſuſtain a tenth Part of the whole Weight, 
vix. 
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viz. 224 lb. in a Ton, too great a Weight for a Man thus employ'd to! Annotat. 


move with the Gibbet. Now as this Force of the Weight gradually increaſes 
by drawing round the Gibbet, it deceives the Man who pulls the Guide- 
Rope; and as by a ſudden Jerk he has brought on the Weight, he is often 
forced to let it go when it comes beyond his Strength; which ſometimes 
proves of dangerous Conſequence, as well to the Perſons loading or unload- 
ing, as to the Goods craned up. | 


To prevent theſe Inconveniencies, Workmen have plac'd the Pulleys in 


a different Situation, vix. in the Situation P, Q; io that in turning the 
Gibbet to the right, no Part of the Weight will be felt by the Guider 
till the Gibbet comes beyond C 4 ; and in moving to the left, till it comes 
beyond Cc. But then another Inconveniency ariſes from this Conſtruction, 
which is the Reverſe of the other Thing conſider'd; namely, that the 
Weight deſcends, and conſequently brings on the Gibbet with a Swing, 
which (if unexpected) may likewiſe do miſchief. As in large Weights 
theſe Inconveniencies are moſt ſenſible, Mr. Padmore of Briſtol, making a 
Crane for Mr. Allen (Poſtmaſter of Bath) to raiſe Stone out of a Quarry, 
contrived an Application of the Axis in Peritrochio, which takes off this 
Danger and Inconveniency. In the firſt Figure x in a Wheel with Arms, 
whoſe Axis x A has on it a Pinion at 2, which takes the Teeth of an ho- 
rizontal contrate Wheel faſten*d to the Axis of the Gibbet; whereby one 
Man ſtanding out of Harm's way cloſe to the Wheel, has ſuch Advan- 
tage of Power by means of the long Arms of the Wheel, as to move the 
Axis of the Gibbet with great Eaſe, notwithſtanding the Inequalities 
above-mention'd, and alſo to hold the Gibbet in any Poſition without dif- 
ficulty. | | 

The ſame ingenious Workman has made another. conſiderable Improve- 
ment in another Crane fix'd by the River-ſile, whereby Mr, Allen lets down 

his Stone into ſuch Veſſels as come to fetch it away. 7 
The Crane itſelf is not of an uncommon ſort, but a Rat- tail'd Crane 
with a double Axis in Peritrochio and two Handles, whereby four Men may 
raiſe very great Weights; and then turning the whole Crane about upon 
its upright Shaft, can fix it in any Poſition, and Jet down the Weights 
ſpeedily into the Boats or Barges which come near the Wharf to receive 
them, See the 5th Figure of Plate 16, where you may obſerve it to dif- 
fer from that repreſented in Plate 12. Fig. 4. becauſe the long Neck of 
the Crane is here of one Piece, and the Power differently applied. - But 
this Conſtruction is not new. Neither is it a new Invention to let down 
Goods after they have been rais'd by a Crane, by preſling an Arch of a 
Circle ſtrongly upon a Wheel fix'd to the principal Axis, in order to re- 
tard and regulate the Deſcent by a Friction increas'd or diminiſh'd at 
pleaſure, as is done in ſtopping Wind-Mills. The Catch alſo, that hinders 
a Crane or Capſtane from going back, is of common Uſe ; but I don't 
know that any one has applied them both together in the ſame Crane, ſo 
as to depend upon one another, 8 Mr. Padmore did it, though mow 
£3 5 | ave 


Lect. III. 


—— 


Pl. 12. F. 1. 


Pl. 16. F. 5. 
Pl. 12. F. 4. 


* „ e : Ty +. 7. * 


= Gs dee e 


188 
Annotat. 
Lect. III. 


A Courſe of Experimental Philoſophy. | 


have done it ſince. Therefore I ſhall give a particular Deſcription of 
this Contrivance, whoſe chief Intent is to prevent the great Miſchiefs 


= which often happen by the Careleſſneſs of the Men employ*d to raiſe and 


Pl. 16. F. 6. let down heavy Burthens by the Uſe of the Crane. The ſixth Figure re- 


preſents an upright Section of ſo much of the Crane as the Contrivance 
above-mention*d is apply*d to. | 


AB is the great Wheel, whoſe large Axis A moving on two Iron Cen- 


ter-Pins ſuch as a, receives the Rope, or lets it run down according as it 


is turn'd, by means of the Handles faſten'd at C to the leſſer Wheel or 


Pinion C, or as it 1s ſuffered: to turn the other way by the Gravity of 
the deſcending Weight when all Obſtacles are remov'd. Upon the Axis 
of the Pinion is the Ratchet-Wheel D 4, whoſe Teeth ſucceſſively re- 
ceive the Iron Catch F F (moveable on a Pin at F on the Iron-Standard 
G, and to be rais'd up occaſionally by the upright Iron H +4) to hinder the 


Weight from going back when the Handles are loos'd- Upon the ſame 


Axis behind the Wheel Dd is a wooden Wheel E p, over which hangs 


the Half-Ring of Iron O Po, with a Groove or Hollow made in it to fit 
the Circumference of the ſaid Wheel, ſo as to retard, or ſtop, or any 


way regulate the Motion of the Wheel, (and conſequently of the Axis and 


Pinion C, and the great Wheel and Axis A B, which has the Rope V A) 
according as it is more or leſs ſtrongly preſs'd down to make a Friction 
on the Wood, as it moves after the Catch is rais'd out of the Teeth of the 
Ratchet. The horizontal Leaver K L governs all theſe Motions in the 
following manner, viz. When the String Q K, faſten'd to the ſaid 


Leaver at K, is pulPd, the Leaver moving on its Center M, does, by an 


horizontal Pin fix*d at right Angles to its Side at I, raiſe the Piece H , 
and conſequently releaſe the Ratchet by raiſing the Catch at F out of the 
Teeth : Then the Weight deſcends ſwiftly, moving the Wheel and Pinion 
round by its Force; but to prevent the too ſwift Deſcent, the Leaver is 
pulPd up a little more ſtrongly by the Guider who holds the String Q K, 
which brings down the contrary End of the Leaver L, and conſequently 
the Iron N, ſo low as to make the ſemicircular Ring O P o preſs hard upon 
the Wheel Ep, which it did not do when the Catch was rais'd but juſt 
out of the Ratchet. N. B. A ſtrong Pull flops the whole Motion, and a 
more gentle one regulates the Deſcent. And it the Guider ſhould be care- 
leſs and let go the String; then immediately the Spring S s, whoſe End 
s had been depreſs'd by the End L of the Leaver, will raiſe it up again 
(by its lateral Pin X) and reſtoring the whole Leaver to its firſt horizon- 
tal Poſition, the other lateral Pin I in the long Arm M K of the Leaver, 
will through the Notch H preſs upon I, the lower End of the upright 
Piece Hy, and fo bring down the Catch F VF into the Ratchet Wheel at 
f; the curved Piece O Pp at the fame time flying up, and no longer preſ- 
ſing the wooden Wheel E p. | 

Thus will Mfſchief never be the Conſequence of Careleſſneſs, becauſe 


of the Catch ; nor will the Weight go down by jerks, which would have 
| | been 
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been the Conſequence of the Catch“ uſed without the Half- Ring, becauſe Annotat. 
the Catch is lifted quite out of the way when the Haltf-Ring is brought Lect. III. 
down and applied by pulling the String at O. N. B. T, f 1, 12, is part 1 
of the upright Section of the Timber of the Frame. "OLE Ns 
To make this the plainer, let us examine the 7th Figure of Plate 16; pj 16. Fig. 7. 
where we have an horizontal Section of the Parts above-mention'd. 
TT is Part of the Timber of the Frame. B B is the great Wheel, 
whoſe Axle that holds the Rope is mark'd A AA, and its Iron Axis 
goes thro? Bell-metal Boxes at a a. C C is the ſmall Wheel or Pinion, | 
whoſe Axis is cc, Dad is the Section of the Ratchet Wheel made of 
Iron. Between the prick'd Lines A p and E i is ſuppos'd the wooden 
Wheel upon the Axis of the Pinion, (not drawn here to avoid Confuſion, 
no more than the ſemicircular preſſing Piece mark*'d O Po in the laſt Fi- 
gure) the Baſis of whoſe upright fix'd Supporter is repreſented by R, 
and the End of the Piece which brings it down upon Occaſion is ſhewn 
at N. K L is the horizontal Leaver, whoſe Center is at M, moving 
vertically by a Pull of the String faſten'd to it at K. I 7 is the firſt late- 
ral Pin of the Leaver, which at I goes through the bottom of the Piece 
H, Raiſer of the Catch F /, already deſcrib'd with its Supporter G, on 
whoſe Top the Catch moves by a Center Pin. A p A is the ſecond late- 
ral Pin of the Leaver, whoſe Office is to preſs upon the End 5s of the 
crooked Spring S 5, faſtened to the bottom of the Frame at the farther End 
S. So that when the End K of the Leaver is pulPd up, the End L, 
which is depreſs'd, muſt be lifted up again into its Place by the Force of 
the Spring reſtoring itſelf, _ | | | 
N. B. The crooked Figure of the Spring, and the Manner of its lifting the Pl. 16. F. 6. 
Pin, is beſt Seton in the laſt Figure. 1 
There is a fine Contrivance of an inclin'd Waggon-way made of Tim- 
ber to bring down the Stone from Mr. Allen's Quarry to the River's-ſide, 
the Diſtance of near a Mile, in Waggons which come down the Decli- 
vity on the artificial Way by their own Gravity, as the Coal-Carriages do 
near Newcaſtle. But this Waggon-way differs quite from thoſe in the 
North, every Part being very much alter'd for the better, and the Car- 
riages themſelves contriv*d to carry much more Weight without Danger. 
The Deſcription of this Contrivance, wherein Mr. Allen and his WWorkmen 
have ſhewn great Skill and Ingenuity, I muſt now omit, and give it in ano- 
ther. Part of this Book, | | | 
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Concerning the Friction in Mechanical Engines. 


and their Notes, is ſufficient for explaining the Princi- 
ples of Mechanicks (ſtrictly ſo call'd) enough to ſet 


W HAT I have ſaid hitherto in the Three firſt Lectures 


People to work, who have a Genius for Practical Arts; but as 
they may be guilty of conſiderable Errors without making proper 
Allowances for Friction, and knowing how to find out (nearly) 
what it is in Engines already made, and ſuch as they intend to 
make; I thought proper in this Place to give a Lecture on 
what I have been able to diſcover of the Nature of Friction, by 
reading all the Accounts I could meet with on that Subject, by re- 
peating ſeveral Experiments already made, the better to confider 
their Circumſtances, and whether the Accounts of them were true; 
and likewiſe by making a great many new Experiments my ſelf. 


Thy there are ſo many Circumſtances in the Friction of Bodies, 
that the ſame Experiment does not always ſucceed with the ſame 
Bodies, ſo that a Mathematical Theory cannot be eafily ſettled; 
yet we may deduce a Theory ſufficient to direct us in our Practice 
from a great Number of Experiments, always taking a Medium 
between Extremes. | | 15 | 


FixsT then, it is obſerv'd that Wood, Iron, Braſs, Copper 
and Lead, when greaſed or oil'd (as is done in Engines) have near- 
ly the fame Friction, and therefore the ſame Rule will ſerve for 
all thoſe Subſtances. For tho' one may at firſt imagine that Me- 
tals muſt needs flip over one another more eaſily, becauſe they 
may be made ſmoother and will take a better Poliſh ; yet it 1s 
found by experience, that the flat Surfaces of Metals or other Bo- 
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dies may be fo far poliſh'd as to increaſe Friction ; and this is a Lect. IV. 
mechanical Paradox; but the Reaſon will appear when we con- 
ſider that the Attraction of Coheſion becomes ſenſible as we bring 


the Surfaces of Bodies nearer and nearer to Contact. This is ve- 
ry evident in drawing Glaſs Plates over one another, which re- 
quires more Force than if they were of Wood ; and the ſame is 
true in Metals, for tho' the Preſſure of the Air is ſometimes a 
little concern'd in this Phænomenon, yet the Attraction of Coheſion 
does ſo far exceed it, that we need not take notice of the Effect 
of that Preſſure in the Action of the Parts of an Engine on one 
another. It is true indeed, that a couple of Marble Plates ſtick to 
each other by the Preflure of the external Air, when being firſt 
oil'd, to exclude the Air from between them, they have been flipp'd 
upon one another ; and that when ſuſpended in the Receiver of an 
Air-Pump, they fall aſunder as ſoon as the Air is drawn out of the 


Receiver. But if they be made very ſmooth, they will cohere 


ſtrongly even after the Preſſure of the Air is wholly taken off by 
the Air-Pump. I have applied together the flat Surfaces of two 
ſmall Cryſtal Buttons, without wetting or oiling, which have 
coher'd ſo ſtrongly as to hold 19 Ounces Troy before they were 
ſeparated, when their Contact was but a Circle. of one 12th of an 
Inch in Diameter; in which Caſe the Preſſure of Air could not be 
greater than the Weight of an Ounce ; becauſe a Column of Air, 
whoſe circular Baſe is one 12th of an Inch in Diameter, weighs no 
more. In Metals the ſame is evident, but more eſpecially in Lead ; 
for two Balls of Lead of about one or two Pound Weight each, 
if pared clean with a Knife and applied cloſe together, fo as to 
touch in a Surface of about one 1oth of an Inch in Diameter, will 


| ſtick together, ſo as not to be ſeparated by a leſs Weight than of 


40 or 50 Pounds, tho' the Preſſure of the Air in that Caſe could | 
not amount to one 4th of a Pound. See Phil. Tranſact. N. 389. 
But to return to our Experiments of Friction. 


ExPERIM ENT I, P. 13. Hg. 18. 


Ch is a ſmooth Piece of Wood one Inch thick, four Inches 
wide and ſix long, with a little Hook in its Fore-Part h, and weigh- 
ing fix Ounces, If it be drawn along an horizontal Plane, repre- 
ſented by the Line A B, over the Pulley P, by means of the String 
HW, the Weight W equal to two Ounces and as much more as 


vill overcome the Friction of the Pulley, will draw it along _— 
- er 
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Touch: for whether the Parts of the Surface be conſider'd as Springs 


PL 13. F. 1B, 


Pl. 13. F. 19. 
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ther it flides on its greateſt Surface or flat as at c, or on its Edge 
as at K, tho' in the laſt Caſe there is only a fourth part of touch- 
ing Surface. From hence it appears, that the Friction is equal 7, 


about one 3d of the Weight *, and ariſes from the Weight that pref. 
ſes the Parts together, and not from the Number of, Parts that 


to be bent, or as ſmall Eminences over which the Body drawn muſt 
be lifted, it is plain that the Difficulty will be the ſame, whether 
the Surface be greater or leſs, provided it be preſs'd in a recipro- 
cal Proportion of its Bigneſs: for tho the Baſe of c be four time; 
broader than the Baſe of K, every Inch of it in Breadth is preſsd 
but by one Inch of Wood in Thickneſs ; whereas the Surface on 
which it reſts in the Poſition K, which is four times narrower, i 


preſs'd by a Thickneſs of Wood of four Inches. The Friction | 


therefore, or Impediment to the drawing the Body in the Line AB, 
ariſes not from the Number of Parts which touch, but from the 
Preſſure on the touching Surface, as appears yet more plainly from 
the following | | 


ExPERIMENT II. Plate 13. Fg. 18. 

Lr the Pulley + (over which the Weight w (= W) drew 
along K, when it was raiſed up to the Level of A the Hook of 
K above A B) be brought down to the fame Level as P; then 
W — w will not draw K along without the Help of the little 
additional Weight ; becauſe the Traction made in the oblique 


Direction p makes K preſs more againſt the horizontal Plane 
than when the Draught is in the Direction : but if the Hook 


be fix'd at u, ſo as to make the Line of Direction parallel to the 
Plane A B, then will the Weight W, without the Help of 4, draw 
K as W did c. 8 


ExPERIMENT III. Pl. 13. Fig. 19. 


Upon the Table or horizontal Plane T MN O, let a circular 
Plane or Plate of about two Foot Diameter move, bearing on a 


Pin round the Center C fo as not to touch the firſt Plane ; then 


let a Braſs or Leaden Plate, ſuch as A, Bor D, be fo laid betwixt 
the circular Plane and the Table, as to preſs upon the Table _ 


q 
f 
A 
b 
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ight, at the ſame time (by means of a Pin riſing Lect. I 
- ws 2X 1 = — = with the circular Plate w— 
ro | 


| en if the Weight of the Plate A 
3 - - e *. to 10 Ib will draw the Plate 
ts Ilin : in the Direction A T, when the ſaid Plate is plac'd 
_ D. bo if the Power draws in the Line B or E x Tan- 
3 't the little Circle B E, it will require 20 lb to draw A round: 


Laſtly if the Power draws from A towards T in the Tangent 


f the great Circle Ar D, whilſt the Plate is fix'd at B, then a 
7 ws. | only to 5 Ib will move round the Plate. 4 

Tx wg a the Friction is increaſed when the rubbing 

—_ ve kalter and decreaſed when they move ſlower _ the 
ing g Therefore we may ſay, that a i bead ; Fs 

"ave 2 compounded of the Preſſur, 
"bing TT * = Velocities of their Mo- 
* is lai inclined Plane, according 

Body is laid on an inc , 

n. Ln it ought not to reſt upon it, = _ 
Ii F n. But the Friction being equal to one 3d of the g 95 , 
. n already ſhewn, the Body K * laid on the 9 _ 
AB: il not ſlide down till the Perpendicular A C 3 8 ir 
part of the Length of the Plane A B becauſe then the Body's Ten- 


dency downwards in a Line parallel to AB is equal to one 3d of 


"exc ir appar how dean i it confer the Fifi 
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in mechanical Performances; as for example, if a Beam A B Þ ly- +P, 17. 23 


i Power at P in 
f iſing Ground Dc is to be drawn by a 
— N parallel to De; when Aa the mn aka 1 
above the horizontal Line H + is one zoth of Ac, a * . yu . 
little more than one zoth of the Weight would be a pf - fre 
F > according to the Laws of Mechanicks excluſive of Fri _ ; 
a efore a little more than 100 Ib would draw along a _ | 
: th long the Plane A c : But as the Friction is equal to one Ky 
of the Weight we mult have a Power equal to 100 Ib ＋ 1000 Ib, 


before we can draw the Beam along, if the Plane was as ſmooth 


the ſmootheſt 
But along the Ground, where even a 
E . much greater Force will be required. Monſ. A. 


| hat a Force equal to 
ö Royal Academy at Paris found t 
3 3 CG Aicient to draw ſuch a Beam up a Hill of the 


=y 


Aſcent above mention'd. 
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| ExPERIMENT IV. . 2, 3, and 4. 


LET AB, a wooden Cylinder of an Inch Diameter, ſmooth and 
well poliſh'd, turn freely on two Supporters 8, 5, likewiſe ſmooth, 
well poliſhed and greaſed. When at each End of a filken Thread 
or String thrown over the ſaid Cylinder, or wound about it two 
or three times (for that makes no difference if the Parts of the Strin 
do not touch one another) ſuſpend a Weight of ꝙ Ib, which Weights 


will keep each other in Æquilibrio. Then adding ſeveral Weights 


to the g Iþ Weight P, here made ule of as a Power, to find exactly 


what Addition it muſt have to raiſe the Weight W, which is alſo 


only a 9 15 Weight, that Weight will not be raiſed up by the 


turning of the Cylinder till P and all the Weights added to it 


make all together 18 Jb. This is agreeable to what was ſhewn 
before by the firſt Experiment of this Lecture. For as the whole 
Weight that preſſes the Cylinder on its Supporters is W —+ P or 
18 Ib, 6 Iþ muſt be added to P in order to overcome that Friction; 
but that additional Weight adds alſo a Friction of 2 Ih the third 

art of its Preſſure, for the overcoming of which Friction 2 Ih muſt 
be added, whoſe Friction requires alſo two 3ds of a Pound, and fo on, 
in a Series of Fractions as 5 + {7 + r, Cc. Now as the Weight 
of the Cylinder it ſelf was not conſidered, the proper way to allow 
for its Friction, if it be not very heavy, is to double the Power 
at once *, as appears in Fig. 4. where A repreſents the Section of 
the Cylinder above mentioned. 


Ir the Cylinder has Gudgeons or a ſmall Axis, ſuch as that re- 


preſented in Fig. 3. it will move as much more eaſily on its Sup- 
porters as the Diameter of the Axis at G andg is leſs than the 
Diameter of the Cylinder @ 5; as here the Weight added to þ 
need be but 1 + th, when the Diameter of the Axis is but 2 of 
an Inch; becauſe then the rubbing Parts move flower than the 
Power, in that proportion, agreeable to what was ſhewn by the third 
Experiment of this Lecture. The fourth Figure || repreſents the 
Section of the Cylinder at a, and of its Axis at g. 

HENCE we may know what Difference there is between the Uſe 
of Sledges and Carts for drawing along heavy Goods. If the Ground 
was perfectly even like a Marble Floor, it would require + of the 
Weight of the Sledge, and all that is laid upon it, to draw it along ; * 
but as ſuch a Plane. is not uſed in Practice (and if it could be had, 

| Horſes 
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Horſes could not pull well on a ſlippery Pavement) we muſt al- Lect. IV. 
ways make uſe of a Power greater than one 3d of the Weight. 


But in a Cart, if the Wheel be ſix Foot high, and the Hole in 
the Nave for the End of the Axle four Inches, the Friction will 


be diminiſh'd 18 times; therefore a Power equal to 4 Part of the 


Weight will be able to draw it along upon an horizontal Plane; 
becauſe the 18th Part of + is == yz. - Sledges therefore ſhould on- 
ly be uſed where Streets are too narrow for Carts, and where 
Goods in ſmall Parcels are to be laid on and taken off often, for 
the Conveniency of the Men ; but the Horſes muſt work the 
harder. This alſo ſhews that high Wheels in Carriages are pre- 


ferable to low ones on account of their having leſs Friction, be- 


ſides the mechanical Advantage which we have conſidered in another 
Place; tho' it is not always expedient to make uſe of them, as for 
Example, in Beer-Carts high Wheels would be inconvenient, becauſe 


of the Neceflity of often loading or unloading. 
To reduce all this to Practice, take the following Rules for cal- 
culating the whole Friction of Engines. | 


RULE I 


In examining all the Frictions, begin with that which is near- 
eſt to the moving Power. 


RULE II. 
To find the firſt Friction, conſider the Spaces gone through in 


the ſame time by the Power and by the rubbing Part, and accord- 
ingly take a proportional Part of 5 of the Power. As for Exam- 


ple, in equal Velocities of the Power and rubbing Part, the Fric- 
tion is + of the Preſſure which is made not only by the Power, 


but by the Reſiſtance equal to it; and therefore the third Part of 


the whole Preſſure muſt be equal to two 3ds of the Power. 
RULE III. 


Tur Power being unknown, muſt firſt be found by knowing 


the Velocity of the Weight, and thence deducing that of the Power 


by mechanical Principles: Then, by what has been ſhewn here, 
finding the Friction, there muſt be ſo much added to the Power 
to make the Engine work; always obſerving that what has been 

Ea, C2 | added 
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added for the Friction firſt found, does ſtill further increaſe the 


Friction, and therefore there muſt {till be allowed ſomething for the 


r 


0 


T. 7. F.. 


Pl. 17. F. 2. 


Increaſe of Friction cauſed by every new Addition to the Power. 

N. B. Wr muſt remember, as has been ſaid before, that if 
the Power be an heavy Body, its Velocity is its perpendicular 
Aſcent or Deſcent; but if of another kind, the Velocity is its s Space 
gone through. 


UL 


Tur Friction of the ſeveral Parts of an Engine, however re- 
mov'd from that Part to which the Power is applied, may be 
found by comparing their Velocities with that of the Power, and 
thence deducing the Friction, as has been ſhewn; and when al 
the particular Frictions have been found and added together, their 
Value added to the moving Force will not enable it to overcome 
the Reſiſtance in a compound Engine any more than a ſimple one; 
for that addition ſuperadds a Friction to every rubbing Part, there- 
fore we muſt ſtill increaſe the Power, as ſhewn in the laſt Rule, 
An Example will illuſtrate both Caſes. 

Tur Diameter AB of an Axis in Peritrochio * is equal to, 
Foot, and that of its Axle 4 b only to fix Inches; therefore if the 


Power P be = 108 Ib, the Weight or Reſiſtance W will be 


== 648 b. Here the Friction will be 12 Ib or + of 72 Ib, if the 
Axle ; ſupported on its Surface, as in Hg. 2. Now as 12 is; 
of the Power 108, there muſt be added - 3 of 12 to overcome the 
Increaſe of the Friction cauſed by the 12 Ib, viz. 1 4 Ib; and 
then 3 of this laſt and ſo on; ſo that to overcome the Reſiſtance 
== 645 Ib, the wer equſt be == 108 + 12 + 14+ +, Sc. lb, or 
1212 lb. But if the Axle had Gudgeons of Iron C C of only one 
Inch Diameter, the Friction on them would be fix times leſs, 
the Velocity of their Surface being diminiſh'd in that Proportion. 
Now if there be join'd to the Axle a5 another Wheel DE 
likewiſe of three Foot Diameter, with an Axle of ſix Inches FG, 
about which the Rope or Chain that ſupports the Weight winds 
inſtead of winding about 2 5, then by mechanical Rules the TOY 
X == 3888 b will be ſuſtained by the Power P of 108 Ib. 


N. B. Ve here ſuppoſe the laſt Ave FG to have all Irm 
Gudgeons as c, of an Inch Diameter, and that (by means 
of a Strap of Leather, or 4 Rope or Chain going round 
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the Axle Ab and the Wheel DE) the ſecond Axis in Peritrochio Lect. IV. 
DFcGE is carried round in the Direction AD, ſo as to draw rr 
| up the Weight X, fix times more flowly than it would riſe if at W. 
ic i But the beſt way is to make uſe of a Pinien with Leaves (that is, 
N a ſmall Wheel + Teeth).to carry round the great Wheel by its Teeth, 
| as here the Pinion of 12 Leaves on the Axis A b will carry rouna 
the Wheel DE which has 72 Teeth (its Diameter being ſix tima 
greater than that of a b:) Becauſe a Rape, Strap, or Chain 
cannot perform its Office without being made ſo tight as not to flip, 
in which Caſe the Preſſion cauſed by the Elaſticity would occaſion 
an additional Friction, befides the En, Refiſtance made by the 
Difficulty there 1s to bend the Rope, &c. 

To find the Friction of this compound Engine, we muſt conſi- 
der all the Parts that rub, vi. firſt C the Gudgeon with of the 
Velocity of the Power; then the Teeth or Strap at A B, with z of 
the Velocity of the Power ; and laſtly, the Gudgeon c of the 
Wheel DE, with +++ of the Velocity or the Power; which gives 
for the ſeveral Frictions 2 bb; 12 b, and . = 

0,333 Sc. Ib. The Sum of all the F Ho Wh therefore i is 14,333 Sc. 
ih; by which Number if you divide the Intenſity of the Power or 
108, you will have for your Quotient 7, 5 Sc. which will give 
you a Diviſor for every Weight to be added to the Power on account 
of the Friction. When therefore you have added 14,333 Sc. for 


the Sum of the Frictions, you muſt ſuperadd 8 1, 


F riction of the firſt additional Weight, and = a £ 22 == 0,25 for the 
Friction of the ſecond additional Weight, &c. Therefore in order 
to raiſe X or 3888 Ib by means of the compound Ragan here men- 
tion'd, the Power muſt not be 108 Ib +, but 124,61 Ib +. 

N B. All other Caſes may be deduced from this. 
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THro' this may ſerve for finding the Sum of the Frictions to 
direct our Practice; yet as I have in the Calculation omitted ſeveral 
Decimals, whereby the Solutions might have come nearer to the 
Truth; for the fake of the Curious, who may expect a Solution 
entirely exact, I give here a Method to find it. 

Since the Weights, that are to be added to the Power in order to o- 
verc me Friction, continually decreaſe, and always in the ſame Ratio, 
they may be confi der'd as the Terms of a Geometr: cal Progreſſion, whoſe 
laſt Term 1s 0. 

IN order to find the Sum af the Terms of ſuch a Progreſſion, the 
two following lemmatory Propoſitions, muſt be premis'd. . 
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In a geometrical Proportion or Progreſſion, the Sum of the Antece- 
dents : is to the Sum of the Conſequents :: as any one of the Antece- 
dents : is to its Conſequent, (See Euclid.) | 


| „„ | 

In a geometrical Progreſſion, the ſecond Term Minus the Fit: is 
to the Firſt : : as the Laſt Minus the Firſt : is to the Sum of all the 
Terms preceding the la/!. > 


LET the Progreſſion be : 4. b. c. d. F. g. we mult prove, that 
5 —a:a::g—a:a+6+c+d +}. Ee 

Tre Progreſſion may be thus always expreſs'd, a: G:: G: S: fc: 
4:: d: F:: F: g; but we have by the laſt 4: :: 2 ＋＋ CAA 
+f:b+c+d+f+g _ 
And by Inverſion, 
b:a::b+c+d+f+g:a+b6+c+d+f; 


= By Diviſion, - 
c—a:a::b+c+d+f+g—_a—b—_-c—d—f: a +b+ 
c+d+f. oþ 

And taking away the Expreſſions with contrary Signs, it will be, 


b—a:4::g—0:4+b-+c+d+f. ED. 


COROLLARY nr 


So that calling the Exponent of the Progreſſion univerſally 7, the 
firſt Term a, the laſt Term 2, and S the Sum of all the Terms, 
excepting 2, we have by the ſccond Lemma na —a:a::3—a:S5S, 

Za — 44 


== S, which being reduced, gives ===. 


24 — 7 1 in 


That is, in Words as length; 


The lajt Je m Minus r e firſt, divided by the Exponent of the 


Progreſſion, leſſened by the Number. 1, is equal to the Sum of all the 
Terms but the laſt. | | 


COROLLART 4 


"AND in Progreſſions, whoſe Terms continually decreaſe (as thoſe 
of the Weights to overcoine Frictions do) the laſt Term being equal 


to 


OD 
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= Wind S8, we ſhall have ſuppoſing 2 equal to the 1 ect 1 4 


— 1 


o % 2 
to o, inſtead of 


2 


firſt Term, "<= 28 == S. So that dividing the firſt 
2—1 2 — 1 | 


Term by the Quantity equal to the Friction, the Exponent of the 

Progreſſion will be had; and divicing the firſt Term by that ex- 

onent minus 1, the Quotient will give the total Sum of all the 
Additions to be made on account of Frictions. 


To give Examples of it. | 

In the 4th Experiment of Lecture 4. Page 194, the firſt Term 

of the Progreſſion is 18, the ſecond 6, whence the Exponent is 3, 

which Exponent being leſſen'd by 1 is 2; by which Number, di- 

viding the firſt Term 18, the Quotient ꝙ is the Sum of all the Terms 
but the firſt, which is the Power. 8 


8o in the Example of Rule 4. Lect. 4. Page 196, the firſt Term 


108 18 
9—1 8 


is. 108, the ſecond 12, whence the Exponent is g, and 


= 13, 5, which is equal to all the Additions, 


8 o in the other Example, Page 197, the firſt Term is 108, the ſe- 
cond 14, 333 Sc. when the Exponent is 7,535 Sc. and = == 


15,526, &c. which is the exact Sum of all the Super- additions. 


In ihe Text J have only taken 7,5 for the Exponent, having neg- 
lected the two laſt Decimals, which gives _ 16,61+as in the 
Body of the Lecture, &c. EE] 


Tho have, at a Mean, taken the Friction to be equal to a third 
Part of the Weight ; yet by making many Experiments fince, I found 
it much to vary, being ſometimes greater and ſometimes leſs; ſo that it is 
ſcarce poſfible t come at an eat Theory: Yet for Practice, as J 
have already ſaid, it is uſeful to know what Experiments have been 
made with any particular View to direct us in the like Caſes, by taking 
the Mean of the different Effects we find. As Carriages are Machines 
of the greateſt conſequence for the Uſes of Life, I thought it would 
not be unwelcome here, to enlarge upon the Friction of ſuch 2 

| | * 
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A Courſe of Experimental Philoſophy. 


Le&. IV. bv giving an Account of ſeveral Experiments made upon Sledges and 
bel Carriages by Mr. Camus a Gentleman of Lorrain, which ] 


have ſince tried, and found to ſucceed in the ſame manner in almoſt 
every Trial: The little Differences I obſerv'd- being unavoidable in 
Things of this Nature, even when made by the ſame Hand, Therefore 
T chuſe to give the Account of them in the Author's own Words, tranſ. 
lated from the French, in which Language he publiſhed his Book 
entitled, Traite des Forces mouvantes, pour la Pratique des Arts 
& Metiers, Sc. Par M. de Camus. | 


As there will be a Difference in the Friction of the ſame Body 
drawn over different Bodies, it is neceflary as much as poflible to 
know what that Difference is, in order to know how to manage 
or apply Forces. For this Reaſon the following Experiments have 
been made, in order to find out nearly what Forces or Powers are 


required to draw Weights, or what Force is loft by Friction, and 


what Metal is moſt proper to be uſed, or what Materials ; that we 
may loſe the leaſt we can of the Force of the Power; and what 
Effect Water, Greaſe or Oil have upon different Subſtances. 


For this purpoſe, we muſt take three Sledges each of them 
an Inch and an half wide and three Inches long, each Side or bear- 
ing Part being two Lines wide. Different Weights muſt be laid 
upon each Sledge, and they muſt be drawn over flat Bodies of 
different Subſtances or Metals; and the following Effects will be 


produced. | 


TAKE three Plates 2 Inches wide and 4 or 5 Inches long, one 
of Iron, one of Braſs, and one of Copper; let them be draw-fil'd, 
that is, fil'd longwiſe, without being poliſh'd, and rubb'd upon ſuch 
a Stone as the Streets are pav'd with, that they may be like the 
Sledges drawn along the Streets, and alſo their Grain may lie the 
ſame way as it does in the Holes for Pivots and Gudgeons in Ma- 


chines, in regard to the Direction of the Motion. Let theſe Plates 


be faſtened upon a little Plank of Oak with a Nail whoſe Head 
is off, that they may be put on and taken off eafily one after ano- 
ther by means of an Hole in the End of the Plate. At the End 


of the Board fix a little Pulley with very fine Pivots, and let the 


Copper and Braſs Plate be rubb'd ſmooth on one Side with Pu- 
mice- Stone. | | 


THEN 


, 6 oa es 
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Tux take a light filken Purſe with a- ſtrong Silk to run over Lect. IV. 


the Pulley, and draw an Ounce Weight, (RR Sledge;)then w—ww= 
together an Ounce, that 


prepare twenty leaden Balls weighing al 
you may put into the Purſe ſuch a Number of them, that the 


Sledge and its Load may be drawn upon the different Bodies and 
Metals. Let there be alſo prepared 20 Balls, weighing all together 
one Pound, to draw ſuch a Sledge as ſhall, together with its Load, 
weigh one Pound; as alfo a third, weighing three Pounds, with 20 
Balls equal in Weight to three Pounds. Let the Sledges be one of 
Iron, or arm'd with Iron, as moſt of the Sledges are, which are 
drawn along a Pavement of Pebbles; one of Wood unarm'd ; the 
third of Lead, or arm'd with Lead; and a fourth, if you will, of 
Braſs or Copper. | Jt 

Ir you put the Balls gently into the filken Purſe (or the great 
ones in a Bag of Linnen) ſtopping it ſo that it may not move, and 
then the Board be lifted up at the Pulley End, fo as to rife an 
Inch in the Length of two Foot, that the Sledge being once in 
motion may not run ſwiftly, but on the contrary may continue at 
reſt when it has been ſtopp'd in the running ſoftly at firſt ; but it 
muſt not be kept long in one Place, becauſe there it would ſtick 
or {ink in, and more Force would be required to ſet it going at 
one time than at another. If the Board was ſet horizontal, or in- 
clining towards the Pulley, the Experiments would not ſucceed ; 
becauſe the Sledge being once ſet a going, would run all at once: 
and therefore we found the beſt Situation of the Board was to have 
it riſe a little towards the Pulley, and to ſet the Sledge a going. 
Things being thus prepar'd, the Effect of the Experiments was as 
is expreſs'd in the following Tables. 

Tu firſt Column ſhews the Number of Balls requir'd to draw 
the Sledge dry upon different Subſtances or Metals, as ſet down. 
Thus Iron upon Mood, ſignifies the Sledge arm'd with Iron, ſliding 
upon the wooden Board: Iron upon Iron, the ſame Sledge ſliding 
upon the Iron Plate; and fo of the reſt : Upsn polfh'd Braſs, ſig- 
nifies the ſame Sledge ſliding upon the Braſs rubb'd with the Pu- 
mice-ſtone : And upon poliſh'd Copper, the Copper Plate rubb'd 
with the Pumice- ſtone. | 


Tur Columns over which are the Words---wet---greas'd--- | 
oil'd.— fignify that the Plates and Sledges being wer, greas'd, or 


aid, the Sledges were drawn along by the Number of Balls ſpe- 
cified according to the Columns, Thus the firſt Column, where 
a . | you 
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. IV. you find theſe Words Iron upon Nod 5, above which N umber is 
= written Balls, ſignifies that the Sledge which weighs three Pounds, 
 Mlidesupon a Board of Oak with 5 of thoſe Balls, 20 of which weigh 
Pounds; ſo that there is only required one quarter of its Weight 

to make it ſlide along a plain'd oaken Board: But if that Board be 


wet, 8 Balls will be required, which thews the Friction to be in- 
creaſed the Value of 3 Balls. If the Wood be greaſed, 4 Balls 
and a half will do, * is but little more than half of what 
is required when the Wood is wet: If the Wood be ailed, there 
muſt be 5 Balls; and fo on for all the Columns upon different 
Metals. 

Wr have not ſet down the Number of Balls required for draw- 
ing the Weight of one Pound, becauſe the Proportion was found 
the ſame as in the 3 Pound Sledges; ; at leaſt the Difference was 
ſcarce perceivable. But for the Sledges weighing one Ounce, we 
give an Account of their Effects, becauſe as they differ from thoſe 
of 3 Pounds, we may the better from their Compariſon deduce the 
Cauſes of Friction and Reſiſtance. 


i | | A Tab 


« 


1 


Cr 


A TABLE of FR 


- 


Line* and an half wide in the Under-Plates, and three 
| Inches long, with 
„ Balls Balls Balls Balls 
Iron upon Wood 5 [wet— 8 [oild= 5 |greas'd— 4+ 
| Iron upon Iron 3 jwet— 3 [oild— 3 |greas'd— 3+ 
| Iron upon Braſs * Welt 4 ON do 4. greas d + 
3 upon poliſh'd Braſs 3 | wet— 4 ſoil'd— 3 greasd— 4 
upon poliſh'd Copper 37 wet— 4x oil'd— 442 greas d — 4+ 
| Wood upon Wood 7 wet 14 oild— + |greas'd— 32 
Wood upon Iron 5 fwet— 11 Joll'd— 4 greas d— 4 
upon Braſs 4 wet — 6 ſoil'd— 3 [greas'd— 4+ 
| upon poliſh'd Braſs 42 wet— 7 [oil'd— 3 greas d— 4 
upon poliſh'd Copper 5 |wet— 8 Joil'd— 4 (greas d— 4+ 
Lead upon Wood 5 * wet 11 Joild— 5 greas d ; FAY 
Lead upon Iron 7 {[wet— 6 ſoil'd— 6 [greafd— 5 
Lead upon Braſs 5 |wet— 7 foild— 5 {greas'd—. 5 
: upon poliſh'd Braſs 6 |wet— 8 [oil'd— 6 greas d — 4 
| upon poliſh'd Copper 64 wet 9 Joll'd— 7 [greas'd— 5 
A Sledge wei gbing an Ounce with its Load is drawn 
1 along, with 
HY Balls | Balls Balls Balli 
Iron upon Wood 6 wet — 5 coil'd— 8 greas' d 10 
; Iron upon Iron 4 |wet— 9 joild— 7 |greas'd-— 13 
upon Braſs 5 |wet—- 6 oil d 7 greas d— 13 
upon poliſh'd Braſs 6=|wet— 7 ſoil'd— 8 [greas'd— 13 
upon poliſh'd Copper 6 |wet— 7 oil'd— 9g |greas'd— 13 
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ICTIONS. 
A Load of three Pounds is drawn upon a Sledge one 
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I B. A Line is one 12th Part of an Inch, 
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Lect. IV. Balls Balls Balls Balls 
Mood upon Wood 7 [wet — 16 [oil'd— 6 [greas'd— 12 

be Wood upon Iron 6 |wet— 15 |oll'd— 8 [greas'd— 11 

upon Braſs 52 wet — 11 oil'd— 8 [greas'd— 12 
upon poliſh'd Braſs 6 |wet— 12 oil'd 87 greas'd— 11 
upon politty d * 7 |wet—. 13 old 9 greas'd— 12 
Lead upon n Wood 7 |wet— 10 [oild— 9 [greas'd— 11 
Lead upon Iron wet 8 joild— 9 |greas'd— 11 
upon Braſs 6 |wet— 6 [oil d— 8 [|greas'd— 10 
upon poliſh'd Braſs 7 |wet— 8 |oil'd— 9 greas'd— 9 
upon poliſh'd Copper 8 wet 8 [oild— 10 [|greas'd— 11 


The ſame bigger Sledges with the Weight of Three Pounds 
were drawn upon a Pebble, ſuch as the Streets are 


ov 'd with, by 


„( Ball 

Wood upon Pebble, or Paving-ſtone 8 | wet— 13 

Iron upon Pebble xy 10 | wet— ? 

Lead upon Pebbles - — 16 | wet— 15 
The late Sledpes of an Ounce. 

Ball. Balls 
Wood upon Pebble 1 wet — 18 
Iron upon Pebble wet— 12 
Lead upon Pebble 15 7 wet— 15 
4 Load of Three Pounds upon a Sledge, whoſe Sides are 


brought to a cutting Edge where they bear, infead of 


the common Way, was drawn along with 


Balls Balls Bar | Ball 
Iron upon Wood 4 |wet— 5 [oild— 4 |greas'd— 3 
upon Iron 37 wet — 32 oil'd— 3 |greas'd— 2 
upon Braſs | wet— 34 oil'd— 32 greas d— 37 
upon poliſh'd Braſs wet— 32 oil'd— 3 greas d— 35 
upon poliſh'd Copper 32 wet 3 oil'd— 3 greasd— 32 
Wood upon Wood 10 wet — 16 oil'd— 5 jgreas'd— 3 
upon Iron 3 |wet— 5 [oild— 3 ęgreas d— 3 
upon Braſs wet— 6 |oild— 3 greas _— 9 
upon poliſh'd Braſs [wet— 5 [oil'd— 32 greas'd— 3 
upon poliſh'd Copper 5 {wet 5 [oild— 41 greasd— 3 


ceEce Sl rcerc ef 


U 


N 2 WE 1 
n 


Se” 


LeR.IV. 


An Ounce Load upon a Sledge brought alſo to an Edge, 
: . . was. drawn by 


* 4 ” 
* 


Balls. | Ball. Ball Balls. 
| Tron upon Wood 5 |wet— 8 [oild— 6 |grea'd— 7 
upon Iron 4 |wet— 4 oil'd— 5 greas d— 7 
upon RH 4 |wet— 7 joild— 6 greas'd— 8 

f upon poliſh'd Braſs 5 |Wet— 7 oil'd— 6 greas d 8 

upon poliſh'd Copper 6 |[wet— 8 [oil'd— 6 greas d — 8 
Wood upon Wood 9 |wet— 16 [oil'd— 5 greas d 9 

upon Iron 4 |wet— 10 ſoil'd— 5 greas d— 9 | 

| ; upon Braſs 5 wet — 8 oil'd 6 greas d 9 
N upon poliſh'd Braſs 6 |wet— 8 oil'd 7 greas d 9 
upon poliſh'd Copper 7 |wet— 9 [oild— 8 greas d 9 


| Witb the ſame cutting Sledge, loaded with three Pounds. 


A 


, N . — 


Wood upon Pebble 11 wet — 16 3 
Iron upon Pebble 14 wet— 12 
Lead upon Pebble 15 | wet— 18 


The little V. eight. | | 
„ Wood upon Pebble q wet- 8 5 | | 


| | Iron upon Pebble 14 | wet-— 13 Z = 
= Lead upon Pebble 16 wet— _ 8 | | BZ 
Upon Clay. g | 


* - 


. 3 
1 N 


; For one Pound Weight with, the cutting Sledge, 8 Balli. 1 
For the broad wooden Sledge, only 6 Balls. 1 ES 
For the broad Iron Sledge, 4 Balls. . 
For the cutting Iron Sledge, 5 Balls. | 
For an Ounce Weight with the broad Sledge, 13 Balls. | 
For the ſame Weight with the cutting Sledge, 18 Balls. 


* 
* 4 9 — 
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COROLLARYI. 


T E different Effects of theſe Experiments will alſo admit of 4 
different Way of explaining them. As for example, there is pro- 
portionably more Force required to draw along the little Sledge 
than the great one; and that probably becauſe it ' glues itſelf or 


ſticks to the Parts to be overcome, and -alſo the Oil or Greaſe | 
ſticking to it become an Obſtacle, -mitead of helping it as they do 


the great Weight, by filling up the Holes in the Wood or Metals, 
their Parts perhaps as they are ſpherical may help as ſo many 
Rollers: As Oil is not ſo hard as Greaſe, it does not ſo much 
hinder the little Weight, which requires leſs Force to overcome 
its Reſiſtance than that of the Greaſe. 5 


COROLLARY n. 


Fo R this reaſon the great Weight runs more eaſily over the 


greas'd than the oil'd Wood; becauſe the Greaſe being firmer fills 


che Pores of the Wood better, and keeps together the little Parts 


that riſe when it is not greas'd, and which muſt be broken or 
preſs'd down when there is neither Greafe nor Oil. This obliges 


us to employ more Force, and much more when it is wet ; be- 


cauſe the Water penetrating into the Wood, cauſes the rough Parts 


to riſe, which are like ſmall Muſhrooms or Grains of Corn, that one 


muſt either run over or preſs down flat, 


oo LL 


AN p therefore when Wood is wet, as in the wooden Sledge, 
there muſt be as much again Force applied as when the Wood 
is dry; and a Force more than double would be requir d if the 
Wood had been long imbib'd in Water, or was of a nature to ſuck 
in a great deal of Water and to ſwell upon that account. And 
though Water does not feem to be imbib'd by Metals, yet it 1s 
very reafonable to think from theſe experiments, that ' it does 
in ſome meaſure join and glue them together; which perhaps 
would not happen when heavy Loads are drawn by Horſes, _ 
2 | this 
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this Adheſion would Hinder but little in proportion to the great Lect. IV. 


* 


Weight *. 


COROLLARY IV. 


As Iron ſometimes appears to run more eaſily over Iron than 
Braſs, and over Braſs than Copper, the Reaſon ſeems to be, that 
Iron being harder than Braſs it is leſs liable to yield and fink in; 
and as Copper is ſofter than Braſs, it ſinks more than Braſs, and 


conſequently has more - Reſiſtance and Friction than Braſs ; as this 


appears in ſeveral Caſes and ſeveral Sledges; and may perhaps do 
the ſame in the large ones, of which ours are but as Models. 


COROEAARTY. 


We muſt not conclude from thence, that Greaſe or Oil ſhould 
not be uſed in Engines, tho' here they have ſeem'd of little uſe, 
and ſometimes have been an Hindrance, as here in the little Sledge; 
becauſe we know them to be of uſe in great Machines, for two 
Reaſons ; becauſe they fill up the Holes as we ſee, or elſe rolling 
under the Weight facilitate 1ts Motion, and they hinder the Parts 
from wearing or flying off; and beſides, they hinder ſuch Parts as 
are broken off, from ſticking tothe Work : For if large Machines, 
as large Preſſes and Screws for coining Money, were uſed without 
Greaſe, they would move much harder on account of the ſmall 
Parts that would wear off and ſtick on in other-Places, and by that 
means break off more, which would not only-make the Engine 


harder to move, but wear it out much ſooner. 


COROLLARY VI. 


Bu T tho' Greaſe or Oil ſeems prejudicial to ſmall Machines, 
their Motion is thereby render'd more equal ; and tho' one may per- 
ceive the Motion to be more difficult, as in Pocket- Watches when 
they are oil'd, becauſe then they generally go ſlower, yet then they 
go more equally: And it is always an Advantage to have them 


* This is a plain Conſequence of the At- Hindrance or Loſs of Force on account of the 
traction of Coheſion; lor ſince the Attraction faid Attraction will always be leſs in propor- 
of Col::110n is proportionable to the Surface or tion to the whole Friction, as the Weight in- 
the Number of the touching Parts, and the --creafes, ' © | 
Friction proportionable to the Weight, che 


clean'd 
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Lect. IV. clean'd and oil'd, for then they go better, and the Holes do yot ſo 


—ſoon wear wider; the Balance plays better, and is not liable to 8 
vary. One might indeed uſe no Oil in ſome ſmall Machines 1 
which go eaſily, and are but ſeldom to be put into motion. 

: 
* , TI. | : 
THE Uſe of Greaſe is viſible, eſpecially when Wood acts againſt BM, 


Wood; for then Greaſe makes the Motion as eaſy again; nay two 

zds eaſier if the Parts be ſharp and cutting, as appear'd from the | © 

Experiments made with the flat and the ſharp Sledge of Wood f fl 
drawn along on Wood not greas d. = 


COROLLARY VI. 


FRO M hence allo it appears how uſeful Greaſe is for Coach Ws 


and Waggon Wheels, eſpecially in rainy Weather ; for if the of 
Naves were wet, or if there was no Greaſe to hinder the Water . 
from penetrating into the Wood, four times the Force would be t 
required to draw a Burthen, than when it is drawn with Greaſe in be 
dry Weather, as may be ſeen by the Sledge in reſpect only of the 1 
Friction made upon the Axle- tree, which is but little when com- 
par d with the Reſiſtance made upon the Ground or the Pavement : 
but beſides the Obſtacle, the Hole of the Nave would grow con- 
ſiderably bigger; for by its ſwelling the Axle- tree would no longer 
be free, and muſt break off the Parts in its Way: Then as the = 
Nave grows dry, the Axle will no longer fill the Hole; the Wheel Pl 
will vary and be more liable to break, in thoſe Jolts that happen Wi 
as it goes over a ſudden Riſe, or falls into a Hole. For theſe Rea- In 
ſons therefore it is always well to greaſe Machines. 5 
COROLLARY IX * 
T Ho theſe Experiments do not wholly determine every thing he 
that relates to very great Weights to be drawn upon Pebbles, and 
the Motions of great Machines; yet they ſhew us which are the 
eaſieſt Metals for moving on one another: As alſo that there are 
Parts to be overcome or broken off in Frictions: That it is merely j 
the Weight and the Motion which cauſe the Reſiſtance and Friction, * 
and that the Quantity of Surface does not increaſe it when the = 


Parts that rub and bear do not move ſwifter ; for tho' the ſharp i 
© - Sledge 12 
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Sledge goes with leſs Difficulty in ſeveral Caſes, it is not to be conſidered Lect. IV. 
as if that Way of making it would ſerve to avoid or eaſe the Friction 


for it works as an Edge or a Saw, which penetrates into the Body of 
Metals, or Bodies to be cut; and if it appears to ſlide more eaſily upon 
Wood, it is on account of the Grain of the Wood, and the Way 
being once marked it follows the Grain as in a Path, and then it has 
fewer Paths to preſs down or overcome ; but on Clay, which has 
no Grain, or upon Pebbles, it goes much harder, becauſe the Obſta- 
cles to be removed are greater, as it ſinks more when ſharp than when 


flat. 


COROLE ARYL 


By this one may ſee that it is poſſible to increaſe Friction, by 
making the moveable Parts ſo ſmall that they will penetrate and rub 
off Parts of what they bear upon, as it may happen to the Pivots in 

Watches, if they ſhould be too ſmall ; for then they would ſoon make 
the Holes too big ; as likewiſe in Sledges, if too narrow a Bar of Iron 
be put on, thinking thereby to leſſen the Friction on the Pavement, 
and ſo in other Caſes, | | | 


COROLLARY KI. 


HEN CE may be eaſily conceived that the Bottom of Sledges 
ought to be broad, and it is better to ſhoe them with two broad 
Plates of Iron under each Piece, than only one narrow one ; and 
when the Streets are dry, it would be more advantageous to have no 
Iron at all (the Experiment ſhewing that Wood will ſlide better) which 
ſtill appears more probable, becauſe the little Sledge of one Ounce 
(with its Load) flides more eaſily upon the paving Stones than 
the great one; whereas it goes with more Difficulty on other Occa- 
| _ by reaſon of its being in ſome meaſure glued by its cloſe Co- 

eſion. „ ED. 


CORO MRAZ A 


BESID Es this Experiment, one may alſo infer that the Draught 
will be the eaſier in dry Weather with the Wooden Sledge; be- 
cauſe when Stone-duſt is ſtrewed before Sledges, the Draught is 
caſier by one 4th Part, whether it be upon Wood, upon Iron, or 
upon Braſs: And as there are always ſmali Parts rubbed off from 

F ok. 4 | . 6 _ the 


Ml 
© 
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Lect. IV. the Stones of the Pavement by the Nails of the Wheels, and the 
2 — Horſes Shoes, befides the Duſt at that Time; all which Things 
will facilitate Motion, as may be known by making a Compariſon 


with the Experiment in which neither Stone-duſt, nor other Duſt was 
uſed. 


Noa L 


As for the Iron Sledge, it is evident that it opt go moſt en- 
fily in rainy Weather; but if it was dry Weather, and the Pave- 


ment not wet, it would be worth while to try w ich the Sledge . 


(not in Model) whether then it might not be as well not to we 

the Pavement, as is commonly done by a little Barrel full of Water 
laid upon the Sledge with two little Holes for the Water to run 
out and wet the Pavement and the Sledge : For though it is certain, 
that if the Sledge and Pavement were 8 ntly wet, all would go 
eaſier; it is very probable that it is better not to wet them at 1, 
than to wet them to imperfectly, as only to make a kind of Dirt and 


Lumps that may prove an Hindrance. There would not be ſo inan) 


Parts for the Iron of the Sledge to remove in running its Length, 
was obſerved by the Experiment on the ſmall one, Which run bing 
twice over the ſame Track, goes much more eafily the lecond it i 

than the firſt. This may alſo be obſerved in whetting a Knife IN I 00 
flides eaſily over the Whetſtone after having rubb'd it over once 6: 


twice when the Stone is dry, and fo wears but a little; whereas it rubs 


hard and wears much when the Stone is wet. 


COROLLARY XIV. 


Wxꝝs do not ſpeak of the Leaden Sledge, which we only uſed for 


Curioſity, and to ſhew that Parts are broken off by Friction, and that 


Lead cauſes moſt Reſiſtance in many Caſes, where Pivots or Arbors are 
made to turn upon Lead or Pewter. 

ALL the foregoing Experiments are of Uſe to direct us how 
to chooſe Matters or Subſtances to make uſe of, and how to cal- 
culate the Force according to the Weight and the Motion which 
the rubbing Parts will have. Thoſe that would try theſe Expe- 
riments over again out of Curioſity, muſt take care to make them 


in the fame Order: Fiſt, all thoſe unt are dry, then thoſe that 
are 


% 


— 2 


| 2bove-mentioned. 
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are wet, next thoſe that are oiled, and laſtly thoſe that are greaſed ; Lect. IV. 
hecauſe if the Machines were greaſed before they were oiled, the Greaſe wy # 


filling up the Pores, the Effects of the Oil would only be like thoſe 
of the Greaſe, eſpecially when we make uſe of Wood, which muſt, 
after having been wet, be ſuffered to be quite dry, and new planed 
again before it be anointed with Oil or Greaſe. 

TH o' I have in the Notes of my laſt Lecture * mathematically 
conſidered the Effects of high and low Wheels, and compared them 
together; yet as Coaches, Waggons and Carts, and other Wheel- 
Carriages are ſo neceſſary for the Uſes of Lite, that only the Diſ- 
ne of them for one Month would be enough to put a whole Nation 
in Confuſion, I ſhall here again give an Account of ſome more of 
M. de Camus's Experiments and Reaſonings about them, being well 
ftisfied of the Truth he aſſerts from my own Experiments; and 
having found his Experiments to anſwer as ncar as can be expected 
in Machines that have ſo much Friction as Models of Carts ana Wag- 


gons. I have indeed a Machine with Braſs Wheels, whole Steel 


Axes have very ſmall Pivots ſo nicely made, that any of the Wheels 
once ſet in Motion will turn upon their Axes for the Space of more 
than half an Hour, making ſeveral hundred Revolutions before they 
ſtop ; but the Uſe of my Machine being chiefly to ſhew how near 
thoſe Kinds of Experiments may be brought to agree with a mathe- 
matical Theory; we cannot expect that any Carriage to bear Weight 


© Led. z. 
Ann. 11, 


can have fo little Friction +: Therefore I chooſe to relate M. de + Ann. z. 


Camus's Experiments made on Models of Carriages of an Inch to a 
much Friction in proportion to this Bigneſs ; becauſe it ſhews us 
directly what is the real Friction in the Carriages at preſent in ule. 
In the manner of remedying Friction, I ſhall add ſome of my own 
Conſiderations and Obſervations to his. | 

I vEGIN here with his 24th Propoſition, Sect. 5. of his Book 


Foot, every way repreſenting Carts and Waggons, and liable to as 


ProrosITIO N XXIV. 


The Wheels of Carriages muſt be exafly round, and the Pellies 
5 2 Angles to the Naves, according to the Inclination of the 
PORES, | | Do | 

IT is a general Rule in all Caſes, that the Wheels be exactly 
round ; for it they were not fo, but like E FG H , and the Navet pi 

E6-2 | out 


17. F. 5. 
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Lect, IV. out of the Center - it is certain, that ſuch a Wheel, in turning, 
L—yY=s would be affected in the fame Manner upon plane Ground, as other 


; 
1. 19% 


Wheels are when they rife and fall, and would not be in Ægqui- 
librio; the Wheel turning towards H, would move with as much 
Dithculty, as if there was a Riſe to aſcend, and that Height being 
paſſed, it would fall on the ſudden as if a ſquare Stone was rolled 


along, and the Jolts of the Wheel would precipitate and puſh the 


* Horles at one Time, and immediately increaſe their Difficulty of 


drawing the next Moment; and that in Proportion to the Wheels 
being out of round: Suppoſe the Wheels to be without Angles, nay 
truly round; yet if the Nave ſhould not be in the Middle, the 


F. 7. ſhorteſt Part, as * F, being upon the Ground, when ſuch a Wheel 


begins to turn, the Weight muſt be raiſed in the ſame Manner, as 


When another Carriage is going up an Hill, and from F to D, or 


quite to G, the Wheel would act like a Wedge, and at D or G it 
would fall and drive on the Horſes as in a ſteep Deſcent ; ſo that 
Horſes or Oxen would be as much tired with ſuch Wheels upon 


even Ground, as in ſtraining te climb up Hill, or to bear the Shock | 


of a ſteep Deſcent ; and this would moſtly affect the Tiller or Horſe 
next to the Wheels: Therefore Wheels ought to be exactly round, 
and the Naves and Holes of the Naves exactly in the Center of the 
Wheels. | | 

Secondly, T u E Fellies muſt not croſs-wind, but be at right 
Angles with the Naves according to the Inclination of the Spokes, 
that is, the Plane of the Circle of the Wheel, which paſſes through 
the Fellies, muſt cut the Nave at right Angles, though it need. not 
paſs through the Place where the Spokes are inſerted into the Nave; 
for otherwiſe the Wheel, in turning, would find Inequalities, as it 
happens when the Hole of the Nave is too big, and the Wheel 
moves from Side to Side, which comes to the fame as if the Wheel was 
out of round ; and then the Inequality-of the Spokes which would 
be too leaning, or too ſtrait upon the Nave deſcending into an Hole, 
or riſing upon an Eminence oppoſite to their Inclination, would cauſe 
them or the Fellies to break. Therefore the Wheels of Carriages 


muſt be exactly round, and the Curves of the Wheels, or Fellies, at 


right Angles to the Naves. : 


So NE ARTE 


Hr follows, that where Wheels are not ſhod with Iron, 


great Care mult be taken to fix Wood to the Fellies, in _ to 
eep 


x. — — 
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keep them round; and that nothing is ſaved by uſing no Iron; for Lect. IV. 


if in ſuch Places Wheels wear but little, becauſe they only go upon 
Earth, it would only be making the Iron Plates thin, which would 
then coſt but little; and that Expence once over, the Wheels 
would be preſerved longer and more Work would be done, fo as to 
make the Gain far exceed the Expence. Whereasin Countries where 
they do not ſhoe Wheels with Iron, or ſecure them with Wood, 
the Wheels wear ſo as at laſt to be rather fquare than round, 
and thereby the Horſes or Oxen being very much fatigued, hardly 
do half the Work that they would do if the Wheels were kept to 
their Roundneſs. | 


PROPYOSLITION XXV. 


The Spokes muſt be inclined to the Naves, that the Wheels may 
be diſbing, or concave, | | 
I» Wheels always turned upon ſmooth and even Ground, it is cer- 
tain that the Spokes ought to be ſtrait upon the Naves, that is, at 
right Angles to their Axes ; becauſe then they would bear perpendi- 


cularly, like the Spokes B of the Nave A C*#, which is the ſtrongeſt* Pl. 17. F. 8. 


Way for Wood : But becauſe the Ground is unequal, and when 
the Wheels fall into. the Ruts, that Wheel which is in the Rut bears 
a greater Part of the Weight than the other, becauſe it is lower (as 
we have demonſtrated it) in ſuch a Cafe, the Spokes of a diſhing 
Wheel become perpendicular in the Rut, and therefore have the greateſt 
Strength ; whilſt the oppoſite Wheel being upon higher Ground, 
bears a leſs Part of the Weight, and conſequently the Spokes need 
not be at their full Strength, and ſo will have a ſufficient Force, tho 
that Force be leſs than what they have upon even Ground. The 
pokes, therefore, ought to be inclined to make the Wheel diſhing, 
as is the uſual Practice. 


PRO PY OSITION XXVI. 


The Axle-trees muſt be flreight in all reſpects, and at right Angles 
20 the Shafts, or to the Pole. | e . 
lx the Motion of all Bodies, there is one Way of moving, 

which is the eaſieſt of all the reſt; and that happens here when the 
back- 


ward, 


Axle-tree is every way ſtreight: For if its Ends ſhould bend 


Lon wm 
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Lect. IV. ward, fo as to bring the Wheels nearer together behind as AE *, 
8 and ſpread them much before as D C, it is certain that they could 
. 17. F. 9 not go into the Ruts nor turn in going forward, or at leaſt with 

great difficulty, dragging inſtead of rolling: There would be the 
| fame Inconveniencies in bending the Axle-tree forward, ſo as to 
4 Pl. 17. F. 10. bring them nearer the Pole as IF , and make them ſpread behind 
as at BD. The leſs the Axle is bent, the leſs the Inconveniency ; 
but there. will always be ſome, when the Wheels are not parallel, 

therefore the Axle ought not to be bent at all. 


i || Fig. 9. Ir the Wheels ſpread outwards as D C ||, or inwards as I F *, 
A Fig-19- there will ſtill be three other Inconveniencies. If the Axle bends 
4 + Fig. 9. outwards ſo that D C + bears upon the Ground, the Way will be 


too wide; it will be hard to turn; and the Weight being drawn 

forward will cruſh the Wheel, the Length of the Spoke C H in 
that Caſe. acting as the Arm of a Leaver to break the Axle or the 

Spokes, C being the long Arm, the Center of Motion at one End 

of the Nave, and the ſhort Arm at the other. If the Axle be fo 

Fig. 10. bent as to bring the Wheels inwards as at I and F *, the fame three 
Ignconveniencies would happen; the Way would be too narrow, and 

the Weight would tend to cruſh the Wheels, and there would be a 
Difficulty in turning: Beſides, they would bear but on the Edge of 

the Iron, and become cutting by their ſmall bearing. Therefore 

as ſuch Inconveniencies will happen more or leſs according to the 

bending of the Axle, it ſhould not be bent at all. But there will 

be no Inconveniency when the Axle is ftreight and the Wheels are 

T Fig. 11. in the Situation CP, AD. By this means the Wheels will have 
Liberty as they go along; but otherwiſe, tho' a Wheel when off of 

the Ground might turn upon the Axle, yet when on the Ground 

{ Fig. 9 and drawn at H ||, it would only drag. 

Tr x Axle muſt alſo be at right Angles to the Pole or Shaft; 

for if the Pole or Shafts were on one ſide as at B, the Coach or 

Carriage would be drawn on one fide, and almoſt all the Weight 

would bear upon one Horſe; but it muſt be at right Angles like 
Fig. 11. the Pole G *, as has been faid before. Therefore the Axle-trees of 
all Carriages muſt be ſtreight, and at right Angles to the Pole or 
Shafts. | | mo 


COROLLARY I. 


ned als _ an -. a 


T rxr1s ſhews the Inconveniency of thoſe Coaches, whoſe Axles 
are bent ſo as to make the Wheels ſpread upwards that they may not 


touch 
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touch the Braces; for this brings on all the Inconveniencies above- Lect. IV. 
mentioned, and the Coaches are more liable to turn over, becauſe woy——ms 


the Way is narrowed, and they go into the Coach-houles with more 
dificulty ſpreading at top, the Tops of the Wheels being more 
aſunder than if the Axle was ſtreight, and when they ftiike againſt 
any thing at top, they are more liable to break ; and then likewiſe 
the rolling of the Wheels is hindered ; therefore it would be better 
to bring in the Braces nearer together, or tet the up-right Wheels 
| further atunder, 


CORO #&XF MM 


Tuns Way of bending the Axle does alſo render uſeleſs the 
Advantage gained by diſhing the Wheels, as has been explained : 
For in this Caſe the Spokes of both Wheels bear perpendicularly at 
the ſame time as if they had not been inclined to the Nave ; and 
hen a Wheel comes into an Hole or deep Rut, the Spokes being 
no longer perpendicular, it is more liable to be cruſhed by the 
Weight. This makes the Wheels and Axle-trees more ſubject to 
bre eak, and the Spokes to be looſe or break: Nay, in even Ground 
they cut more, and bear on the Edge of the Iron Plate, as one may 
obſerve in ſuch Wheels, that the thoeing i is more worn outwardly 
than inwardly ; and this occafions their ſliding the more upon paved 


Streets. 


PrRoPOSIT . XXVII. 


Ti e Hind - wheels do not drive or impel the Fore = wheels, let 
» Hind-wheels be ever ſi high, and the Fore-wheels ever /o 
4 
I ſome of the Ancients Pictures one may ſee Chariots repre- 
i-nted with four Wheels all high and equal. In ſome Countries, 
where Faſhions ſeldom change, they ſtill retain thoſe Sorts of 
Wheels. People, in all probability, lowered the Fore-wheels, in 
order to turn. the more eafily becauſe of the Shafts being m the 
Way. The Fore-wheels have alſo: been lowered” ſtill more in 
Coaches, by reaſon of the Braces, which, in ſome Meaſure, hinder 
the turning ſhort, and are liable to be cut by the Wheels: Afterwards 
Crane-necks have been invented for turning yet ſhorter, and by 


Degrees the Wheels made low enough to go quite under the Bend 
of 


N n 
rr 


r 


* 
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LeR. IV. of the Crane-neck. Then ſeveral Coachmen pretend that their 

= Horſes tire becauſe the Fore-wheels are too high, ſo as not to be 
driven on enough by the Hind-wheels : And this falſe Principle has 
been followed even to Children's Carts and Toys, which are made 
with very low Wheels before. It is very likely, that they would 
be made ſtill lower, if it was not evident that by making them a 
little lower they would not go at all over ſome Rubs, nor get out 
of deep Ruts. Coachmen generally encourage lowering the Wheels, 
not only becauſe of the eaſy Turning, and their Imagination that 
the Hind-wheels drive on the Fore-wheels if they be much ſmaller ;. 
but chiefly becauſe of their getting up eafily into the Box. Now 
if the four Wheels are upon {ſmooth and even Ground, we ſhall 
find that the Fore-wheels will be at Reſt, though ever. ſo low, the 
Center of Gravity of each Pair of Wheels being ſo placed that the 
Line of Direction falls between the Wheels, both in the Fore and 
Hind-wheels. Therefore the Carriage cannot move of itſelf in that 
Situation, only the Fore-wheels are more loaded becauſe they are 
lower than the Hind-wheels ; but it does not follow from that, 
that they roll more eaſily ; for if it was ſo, Carriages would be 
more apt to roll when moſt loaded, which is contrary to Experi- 
ence, A Conſequence alſo of this Principle of heels driving, 
would make a Carriage with very high Hind-wheels, and low Fore- 
wheels go of itſelf upon even Ground, which never was ; theretore 


::,. all. Ma ans ao. 


the Principle is falſe. ; 
| i 
SCHOLIUM: 8 
Ir the Hind-wheels could, by their greater Height, drive the cl 
Fore-ones, it would follow that a Coach or Carriage would go * 
with moſt Difficulty when the High- wheels go foremoſt, by ma- 2 
king the Horſes draw behind. Now let a Carriage be made in EM 
Model with Hind-wheels of five Inches, and Fore-wheels of two [M0 
Inches and three Lines, which is the common Size, if we take an 
Inch for a Foot (though ſome Hind as well as Fore-wheels are leſs 
in Proportion) and let this Carriage or Waggon be ſet upon a ſmooth 
Board, and loaded in the Middle with five Pound Weight of Lead; 
let a ſmall Pulley be fixed at the End of the Board, over which eV. 
runs a ſilken Thread faſtened at one End to the Waggon, and at the Bs 
other to a Scale, or a little Linen Bag to receive Leaden Balls to on 
draw the Loaded Waggon by their Weight. The fame Weight E 
that draws the Waggon with the ſmall Wheels foremoſt, will alſo wh 


draw 


A. AY. SB ah. AN Eo 
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Jraw it with the great Wheels foremoſt, provided the Line of 


Direction of the Draught be in the ſame Situation in both Caſes : 
This ſhews that there is no driving, whatever Difference of Height 
there be in the Wheels, even upon plane, horizontal and ſmooth. 


Ground. 
COROLLARY I. 


Ir follows, that this Notion of driving muſt have been from 
ſome Workmen who thought the Caſe to be parallel between a 
Carriage upon an inclined Plane, and one with high Hind-wheels, 
and low Fore-wheels, though on an horizontal Plane : but the Caſe 


is very different; for on an inclined Plane, the Line of Direction 


falls out of the Baſe, and the Aguilibrium is loſt ; therefore 
the Carriage will roll till it finds it, or meets with ſome Obſta- 
cle that reduces it to an Æquilibrium. This would do the 
ſame in one or two Wheels as well as in four, if one Wheel was 
broad enough to ſupport itſelf. If this be called driving, a Cart, 
though it has but two Wheels, will have it as well as a Coach or 


Waggon. 


1 COROLLARY Il. 
I T is not a good Objection to fay, that the great Wheel being 


in motion, continues to move longer than the ſmall Wheel, and fo 


drives it; for, upon the Ground, the Reſiſtance is much greater than 
ſuch an Impulſion. For if we give by Force ſome Degree of Velo- 
city to a Waggon on plane Ground, but ſuch as may let it ſink in 
ever ſo little, as in wet Weather, or upon ſoft Ground, not ſo hard 
as Pavement, as ſoon as the Force ceaſes to act, the Waggon will 
_ quite ſtill, which ſhews the Hind-wheels do not drive even in 
that Caſe, | | | 


COROLLARY II. 


Ir we conſider the Thing upon a Pavement, be it even, or un- 
even, or upon rough Ground with Riſes and Falls; let the Wag- 
gon be ſo placed as to have the high Wheels upon the higher 
Ground, then indeed the Waggon will run down, and they will 
icem to drive the low Wheels; but then in riſing again, the Fore- 


wheels will drive the Hind-ones, and the Waggon will run back- 
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Let. IV. wards: To ſay that the great Wheels turning more eaſily will drive 


◻ the better, only ſliews that the Waggon will go better if all the 
Wheels are large, and that they will altogether roll better than if 


there were two little Wheels. So that little Wheels before do 


not (whatever way you confider them) facilitate the Motion of a 
Carriage, 


PRO PH OS II 10 N XXVIII. 


Great Wheels are always more advantageous for rolling than little 


ones, in any Caſe, or upon any Ground chatever. 
THE Wheels of Carriages are conſidered according to the Ve- 
locity and Friction they have upon the Axle- tree, and likewiſe ac- 
cording to their Reſiſtance or Sinking in upon the Ground. If we 
conſider them according to the Friction, it is certain that a Wheel, 
whoſe Diameter is double that of another, will make but one Turn, 
whilſt the little one makes two, for the ſame Length of Way, the 
Circumference (which is in proportion to the Diameter) being 
double: Therefore in reſpect to Friction, a Wheel of double the 
Diameter will have a double Advantage, there being but one Turn 
inſtead of two, which doubles the Friction in the ſmall Wheel. 
2 my , The Wheel A BC *, being twice as big as the Wheel DEF, will 
have twice the Advantage in reſpect of the Friction, the Holes of 
the Naves and the Axles being equal. c 
Ir we conſider the Wheels according as they ſink into the Earth 
or fall into Holes, there will be the ſame Advantage for the one 
and Inconveniency for the other: If we conſider the bearing, it is 
double in the great Wheel, therefore it will ſink but half the way; 
and if we contider Hollows, it will give the ſame Advantage in 
| ſome Caſes; but then in others (as for example, where the Holes 
+L.3 - are deep) the little Wheel will have much more Diſadvantage +; 
72 iz. for if it ſhould fall into a great Hole as D E ||, of a Diameter 
equal to that of the Wheel, it would wholly fink in, whilſt the 
great Wheel would only fall in the Depth of its Segment AB*, 
which would not be half the Wheel, as is eaſy to be underſtood 
7 F. 12, & 13. by the two parallel Lines A D and B E +: We may ſuppoſe the 
| ſame to happen in marſhy Grounds where the little Wheel would 
fink wholly in the mens Hole that the great one would fink but 


in 3 


Fig. 12. 


Ls 
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Ir we conſider an Eminence to go over upon even Ground, as a Lect. IV. 
Pavement, and that it is the ſame at Bas it is at E *, the Segment, — 
or the Chord of the little Wheel will be one third nearer the Top than F. 12, & 13. 


the Segment, or the Chord of the great one, and there muſt be a 
third more Force to overcome the Rub. If the Rub be ſomething 
which muſt be broken or cruſhed, wholly or in part, there will be 
the ſame Proportion, and the Circumference of the Wheel making 
a fort of Wedge, or inclined Plain, it will be ſhorter or leſs acute in 
the ſmall than in the great Wheel; ſo that the Effort muſt be greater 
to overcome it all at once: And if the Rubs are only Riſes and 
Falls of Ground, there will, for the ſame Reaſon, be more Diffi- 
culty for the /:7#/e than the great Wheel. Conſequently great Wheels 
are better for rolling than little ones on any Occaſion, or upon any 
Ground whatſoever. | | 


c o õ“' . Lk 


HENCE it follows, that if a Wheel be only one Inch in Dia- 
meter, or in Height, more than another, it will have more Ad- 
vantage ; and that the higher the Wheels are, the more advantageous 
they are in Proportion, provided they are not too high, that is, 
not above five or fix Feet high : For if they ſhould exceed that 
Proportion, they would themſelves become a great Weight; or, if 
made light, then they would be too weak and ſubje& to break on 
account of their great Length of the Spokes 3 befides, with ſuch 
Wheels Horſes would be hindered from exerting their utmoſt 
Strength, by having the Axle-tree higher than their Breaſt ; ſo 
that they would draw downwards, eſpecially if the Horſes are not 
very tall; as in little Wheels the Draught is made more difficult 
by the Horſes drawing upwards: For to deviate from an horizontal 
Line of Direction, by drawing either upwards or downwards, is in- 
convenient for the Horſes, as will appear more plainly by the follow- 


ing Experiments. 


PRO POSITION XXIX. 


CARRIAGES with four Wheels, as Waggons or Coaches, 
are much more advantageous than Carriages with two Wheels, as 


Carts and Chaipes. 


F f 2 | | WHAT 
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Let. V. Wu ar we are to conlider in Carriages is the Advantage which 
ty they have one more than another in rolling, and the Manner of 


applying Horſes or Oxen in ſuch a Way as they may be the leaſt 
ſubject to tire, and that they may draw with the greateſt Advan- 
tage. Now in applying Horſes to a Cart with two Wheels, it is 
plain that the Tiller carries Part of the Weight, in what manner 
ſoever the Weight is in AÆquilibrio upon the Axle; for in going 
down an Hill the Weight bears upon the Horſe, and in going 
up the Hill the Weight falls the other way, and lifts the Horſe (that 
is, pulls him upwards) which takes away great Part of his Force: 
and if to avoid this laſt Inconveniency, the worſt of the two, the 
Weight be put forward, the Horſe will the ſooner tire for carrying 
as well as drawing. Beſides, as in the Holes in the Road, ſome- 
times one Wheel ſinks in, and ſometimes another, the Shafts ſtrike 
againſt the Tiller's Flanks, which is the Deſtruction of many 

Horſes, BN I | 
Monk EO EHR, as in a Cart the whole Weight bears intirely 
upon two Wheels, when one of them ſinks into an Hole or Rut, 
half the Weight falls that way ; and to draw the Wheel out of - the 
Hole, half the Weight muſt be drawn out: If it be upon foft 
Ground, where both the Wheels ſink in, and muſt be drawn our, 
the Labour is greater than when the four Wheels of a Waggon 
fink upon the fame Ground, becauſe the Weight being diſtribu- 
ted upon four Wheels, muſt make them fink leſs than if it was on- 
ly ſupported by two; and in Holes, where one Wheel only ſinks 
in at a time, there is only a Quarter of the Weight to be drawn 
out, but half when we uſe the Cart; in which therefore, a dou- 
ble Force muſt be uſed to draw out half the Weight. If two Wheels 
of a Waggon fall at once into an Hole, then only half the Weight 
is to be drawn out, but the whole Weight when we uſe the Cart: 
And in the Riſes and Falls upon Pavement, as in croſſing a Ken- 
nel in a Waggon, an Æquilibrium is often made between the Hind 
and Fore-wheels, thoſe in coming down helping theſe to riſe as 
they are juſt got over the Kennel; and if this happens only on 
one Side, there will be the ſame Help: but in a Cart it would 
happen otherwiſe ; for one of the Shafts would ſtrike the Tiller in 
the Flank. As for the Objection, that there is leſs Friction upon 
two Wheels than four (which very likely has been- the Reaſon tor 
preferring Carts to Waggons) it is wholly falſe ; for we have ſhewn 
that there is as much Friction upon two Wheels as upon four, if 
there be the fame ſized Hole in the Nave, and the Weight be the 
| | ſame. 
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ſame. On the contrary, there will be rather more in the Uſe of Led. IV. 
the Cat, becauſe as all the Weight bears upon two Points, the ſmall - 


Parts will be more liabe to be torn off, the wearing being double ; 
and if the Load on th: Waggon be not greater than on the Cart, by - 
making the Axles and Holes of the Naves leſs, it will have ſtill les | 
Friction; but the Friction (or at leaſt that Difference of it) being but 
little when the Wheels are well greaſed, it is not worth Notice. Be- 
ſides the Advantage thewn in the Uſe of four Wheels, we muſt 
have Regard to the Till-Horſes which carry as well as draw in the 
Cart, but in the Waggon exert more Strength to draw, and yet laſt 
longer, becauſe they are not banged on the "Sides. Therefore Four- 
wheeled Carriages, as Coaches and Waggons, are more advantageous 

than Carts and Chaiſes. 


PROPOSITION XXX. 


IT would be much more advantageous to make the four M. Geek of a 
Coach or Waggon large and nearly of a Height, than to make the 
Fore-wheels of only half the Diameter of the Hind-wheels, as is uſual 
in many Places. 

Ir there be ſome Conveniency for turning in making the Fore- 
wheels of Coaches or Waggons as little again as the Hind- wheels, 
there is a very great Diſadvantage, becauſe half the Force is loſt 
that would be effectual if they were large, according to the 26th 
Propoſition, The Jolts alſo are greater when we uſe little Wheels, 
becauſe they fink as low again in the Holes and Hollows ot the 
Pavement, and therefore muſt jump as high again; and this, 
doubt, has brought People to contrive Springs to avoid the joling ; 
but at the ſame time it has made Coaches more apt to overthrow, 
8 raiſing the Body of the Coach the higher, to place the Springs un- 

+ # 

BES1DEs theſe Diſadvantages, Horſes that draw upwards tire 
ſooner, and grow more {tiff in the Hams; and this is the Reaſon 
that Horſes that have been uſed to a Coach are no longer fit to 
be ridden, tiring their Riders very much; which would not happen 
if the Fore-wheels were high, and the Points where the Traces 
are fixed were as high as their Breaſt, ſo as to draw in Lines pa- 
rallel to the Ground, as Cart-horſes commonly do, and thereby gain 
ſo much as to overcome the - Diſadvantages that Carts otherwiſe 


have. 
is 


Led. IV. 


—— 
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T x 15 Advantage of Carts would ceaſe if the four Wheels of 
a Waggon were equal, and then one would have the above-men- 
tioned Advantages alio of four Wheels over two. Some object, 
that the Horſes 9: rawing upwards, lift the Coaches out of the Dirt, 
and eaſe the Weight; but if they do, then they carry a Part of 
the Weight ; ard as Horſes, one with another, are able to carry but 
200 ſb, but can draw near 1000 Iþ on a Waggon, this Way muſt 
tire nem more than fair drawing when the Traces are parallel to the 
Ground; therefore it is beſt to have 5 the Wheels of a Coach high 


and equal, Sc. 


SCHOLIUM. 


Tu E following Experiments will confirm what ] have been 
explaining. Let us make uſe of a little Waggon or Model of an 
Inch to a Foot, repreſented in the ſeventeenth Figure of the ſeven- 
teenth Plate, with the four Wheels of five Inches and nine Lines, 
and fo contrived, that one may put on Wheels of different Diame- 
ters: As for Example, Four of 5 Inches, Two of 2 Inches 3 
Lines, Two others of 3 Inches; and let them have Naves, Spokes 


and Fellies in proportion, to repreſent the Wheels of a Coach or 


7 CPIS7. F.r9. 


Waggon. Let them be changed one after another, the Waggon * 
D B being always loaded with the ſame Weight A of 5 Ib, and 
drawn by means of a ſilken Thread running over a Pulley, with a 
little Bag, or Scale of a Balance to put in Balls for the different 
Wheels, according as they are to run on even Ground upon Earth, 
Sand, or Pavement. The Board AF muſt be of Oak, three Feet 
long, plained on one Side, and carved on the other to imitate the 
Pavements and the Channels of Streets: The paving Stones mult be of 
7 or 8 Lines inſtead of 7 or 8 Inches, reducing them from 
Inches to Lines, as the Wheels are reduced from Feet to Inches. 
It muſt be ſo contrived, that the Pulley may be turned to either Side 
of the Board. The whole being ſo diſpoſed, the Experiments will 
anſwer to the following Table. : 
To repreſent a Cart we hang in Æquilibrio under an Axle-tree, 
the ſame Weight A of 5 Ib, and a Pole only is made faſt to the 
Axle-tree to tie the String to it, which makes the Cart three times 
lighter than the Waggon in making the Experiments; for the Wag- 
gon has an Axle-tree, and two Wheels and Shafts more than the 
Cart ; and the full Wheels of 5 Inches and 9 Lines weigh twice 
as much as the Five-inch Wheels with Spokes. 
| | To 
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To draw the Load of 5 1þ upon the ſmooth Side of the Board laid Lec. IV. 
level with the four great Wheels, each of 5 Inches, 9 Lines in Dia 
meter, there is occaſion but for three quarters of a Ball, 


For the Weight of Five Pounds pon the Waggon. 


Balls 


With the Four Wheels of Five Inches — 7 


With the Two little Wheels before 


— 2 
Wich the Wheels of Three Inches before ——— 13 
For the Cart and the ſame Weight. 
With the Wheels of Five Inches 2 
With the Two little Wheels = — — 32 
With the Two Wheels of Three Inches 3 


With the Waggon upon very moiſt Earth. 


With the Four biggeſt Wheels, 2 Lines wide or thick 12 
With the ſame narrower and almoſt cutting —— 16 


With the Four of Five Inches, Three Lines wide 6 
With the Two leaſt before 1 
With the Two of Three Inches before. 8 
For the Cart upon the ſame Earth. ; 
With the Two great Wheels ——— | X E 
With the Two leaſtwa⸗o ] ꝶ— — 18 
With the Two of Three Inches — — 13 
For the Waggon upon dry Sand. 

With the Four Wheels of Five Inches 28 
With the leaſt Wheels before — — — 46 


With the Wheels of Three Inches before —k—— 35 
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For the Cart upon dry Sand. 
8 Balls. 
With the Two Wheels of Five Inches 40 


© When it ſtopped with 39 Balls, Twas ke to ad IO more 
Balls to male it move Joon that Stop. 


For the VV. aggon upon wet Sand. 


With the Four Wheels of Five Inches — — 14 
With the Two leaſt Wheels before — 28 
With the Wheels of Three Inches before — 17. 


For the Cart upon wet Sand. 


With the Two Wheels of Five Inches * 
With the Two Wheels of Three Inches 24 
To overcome an Eminence, or Rub of Two Lines, for the 
= Maggon. | | 
With the Four Wheels of Five Inches = — 20 
With the T'wo leaſt Wheels before — 30 


With the Wheels of Three Inches before 25 


Half 'the Number of Balls will do when only one N, heel 
goes over the Rub. 


For the Cart to go over the ſame Rub. 


With the Two Wheels of Five Inches — 25 
With the Two leaſt Wheels » — 60 
With the Two Wheels of Three Inches 48 


r the Waggon to overcome an Height of one Line 


With the Four Wheels of Five Inches 
With the Two leaſt Wheels before 
With the Two Wheels of Three Inches before — 17 


15 


For 


. 
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For the Cart to go over the ſame Rub. — 8 

Balls. | . 

With the Two Wheels of Five Inches 27 . 
With the Two leaſt Wheels — — 38 


EF With the Two Wheels of Three Inches ——— 37 | 


- 


For the W. aggon to come out of a Hole, as ifa paving Stone 


was wanting under each M heel. 


With the Four Wheels of Five Inches 9 
With the T'wo leaſt Wheels before | 18 
| With the Two Wheels of Three Inches I4 
ö If the Weight be laid upon the little Wheels before, 

, to come out of the ſame Hole, we mult put in | 
; But if it be laid upon the Hind-wheels, and the 8 ; 


i Ground even, only = — ä — 


For the Cart to be drawn out of the ſame Hole. 


| BY With the Two Wheels of F ive Inches 18 
; With the Two leaſt Wheels — — 34 : 
Ws With the Two Wheels of Three Inches ==—_—_—_— 25 


- 


For the Waggon to be drawn from an Hole, as out of the 
| Channel or Kennel of the Pavement. 


| With the Four Wheels of, Five Inches — 42 
With the Two leaſt Wheels before — — 8 
With thoſe of Three Inches — 64 


For drawing the Cart out of the ſame Hole. 


With the Two Wheels of Five Inches 10 
With the Two leaſt Wheelssꝛĩv— — 15 
With the Two of Three Inches vx —.— 11 


9 
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For the . argon upon the Pavement. 


With the Four Wheels of Five Inches 
With the Two leaſt Wheels before —— 42 
With the Wheels of Three Inches 
When the Wheels of Three Inches are behind, __ as 


thoſe of Two before - 


For the Cart upon the Pavement. 


With the Wheels of Five Inches — | — 42 
With the Two leaſt Wheels — . — 8 
With the Two Wheels of Three Inches — +. 0s 


of the Board be rais'd an Inch at the End where the Pulley is, 
For the Waggon. 


er Wheels of Five inches 


45 
With the Two leaſt Wheels before — ＋ 
With the Two Wheels of Three Inches before A 


For the Cart in the [ame Manner. 


With the Two Wheels of Five Inches — 6 
With the Two leaſt Wheels — — 11 
With the Two of Three Inches 


Ir we make uſe of the Four great Wheels of Five Inches and 
nine Lines, about one quarter more of Force is required than for 
the Wheels of Five Inches, which are three Lines wide, and that as 
well for the Waggon as the Cart; becauſe as thoſe largeſt are very 
narrow, and almoſt cutting, they run into the Separations of the 
Pavement, and after ſliding down between two Pavements, to rite 
up again, there is more Force required, and they go leſs ſwift than 
the broad Wheels, even when that rey of Force is ſuperadded, 
and though they are fo much bigger; ; but upon plane and ſmooth 


— — 8 


Ground, where they don't ſink in, they g⁰ much calier, and have 


more Advantage than the others.. 


C O- 


To 
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Lect. IV, 


COROAS ( 

WHENCE it is eaſy to judge how much thoſe Carters are deceiv'd 
who would have the Irons or Shooings of the Wheels to be made very 
z»w, that they may the better come out of the Ruts, and cut 

round the more eaſily: For if the Wheels have no Friction on 
the Sides of the Fellies, being narrow they fink deeper and ſpoil the 
Ruts the more; and if they go where there are no Ruts, as on Earth, 
ey will tire the Horſes much more, one fourth. part more Force be- 
ing requir'd. Such kind of Wheels are very diſadvantageous to every 
body, becauſe they. cut the Ruts the deeper. 


COROLLARY Il. 


Taz fame Inconvenience happens upon Pavement, and the Irons 


| of the Wheels being narrow they wear out the faſter, bearing in 


ſme meaſure but upon one Point; and as the Iron Plates wear, they 
grow round, and ſlide more ſtrongly between the Pavement, which 
alſo breaks them eaſier than thoſe that are wider. 


COR X77 I 


By the Experiments upon the ſmooth Board, it appears that the 
Friction upon the Axle-trees is inconſiderable; for with the Waggon 
that had the four Wheels of five Inches and nine Lines, one Ball, 
twenty of which weigh a Pound, draws a Weight of ſix Pounds, 
or a Weight of five Pounds, with the Wheels of five Inches: The 
Waggon together with the Wheels weighing beſides about one 
Pound and a quarter, which makes the whole Weight taken together 
equal to 130 Balls. So that in this Caſe, one Pound would draw 
130 Pounds; or what amounts to the ſame thing, the Friction on the 


Axle would be only equal to the 130th part of the Force with Wheels 


in this Proportion x. For when the Ground is perfectly even, all the Ann. 4 
| Retiſtance ariſes from the Friction, which is but ſmall in compariſon 


with the ſinking in of the Wheels in Earth and Holes, from whence 


they mult be raiſed. 


2 
90 
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ect. IV. 
ay ray EORROEL LL ARE I 

By the Experiment of the Cart, whoſe Weight only bears upon 
two Wheels, it appears that the Friction is double when compared 
with that of the Waggon with four Wheels : For there is required 
double the Weight for the Cart; and even then it does not go till 
it be put into Motion; whereas the Waggon goes of itſelf, and 
double the Weight, or thereabouts, is required for Wheels of half 
the Bigneſs. This, perhaps, is not altogether owing to the Friction; 
for it ought to be double in the little Wheels, compared with the 
great ones, ſince they go twice round while the great ones go but 
once round ; and though the little Wheels in the Cart muſt be ſet a 
going as well as the great ones, yet they go a little faſter than the 
two great ones, and the two great ones in the Cart faſter than in 
the Waggon, though they move in zigzag : This may allo partly be 
owing to their not being perfectly round, nor in ÆAzuilibrio upon the 
Axle, which is not ſenſible in the Waggon: And this ſhews that it 
is a great Diſadvantage to make uſe of Carts, even in reſpe& of Fric- 
tion. | 


COROLLAREY., 


I x is eaſy to conceive, from the Experiments made upon hard 
Clay, and upon Sand, that half the Force is generally loſt in a Wag- Fo 
gon, when little Wheels are before inſtead of great ones : For though 1 
it does not appear that half is loſt upon the Ground when the Earth is | 
firm, there would be much more than half loſt, if the Earth was ſoft, | , 
as we ſee more is loſt on dry Sand. Befides, one would often be | 
mired with little Wheels in thoſe Places where great ones would go ; 

through. | | = 


ROLL 


AN » though half the Force be not loſt upon the Pavement, eſ- 
pecially when a Waggon or Coach is drawn by the Horſes in a Trot, 
becauſe as the Wheel goes down the Declivity of one Pavement, it 
acquires a Force to riſe up the next; but yet if we obſerve the Horſes 
drawing, we ſhall ſee that they grow heavy or ſtiff in the Hams, 
drawing upwards ; and on that account, in theſe Circumſtances, we 
may alſo reckon half the Force, even upon a Pavement ; but there 
will be more loſt on ſtiff Clay and Sand, 2 5 


pep ot my wy wy 
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I we add to this the Conſideration of the hinder Axle being bent 
in a Coach, which makes the Wheels be leſs free, we need not won- 
der that vigorous Coach- Horſes that are well Jooked after, will be 
fatigued when they have drawn two or three Hours in the Streets, 
and have gone four or five Miles upon the Pavement : And for the 
Country, we mult uſe four or fix Horſes, and we find that if they be 
backed a few Steps they'll be out of breath, by reaſon that the End 
of the Pole is low, and has a Tendency to break in ſuch a low Di- 
ection 3 whereas the Force and Direction would be wholly employed 
in going forward or backward, if the Pole was as high as the Breaſt 
of the Horſes, by having high Wheels before. 


COROLLARY VIE 


HN CE we may find, that Horſes pay very dear for the Conve- 
niency of a ſhort Turn, and that it would be better to go to the End 
of a Street for the Conveniency of turning : For fince half the Streets 
are inconvenient, even for a ſhort Turn, what would it ſignify if 


229 


Le. IV. 
—.— 


the Wheels were high, and the Pole had not the Crane- neck, or 


arched Piece behind, to go a little farther, or croſs a few more Streets? 
It would be better for the Horſes, and even for the Coachmen, who 
would bz leſs fatigued with the ſolts; and that would be ſufficient 
amends for a little more trouble to get up into their Boxes, which 
happens but once; whereas they are ſhaked with a thouſand Jolts. 
Their Maſters would be Jeſs interrupted in their Buſineſs, by ſuch 
Jolts as happen in the ſhort Turns, and the Coach itſelf would be 


leſs liable to overthrow. | 
co 

THEREFORE the Contrivance of a circular Piece of Crane- 
neck for turning, which obliges one to have little Wheels, has much 


more Inconveniency than Uſefulneſs, both for the Horſes and Coach- 
men, beſides the greater Expence of the Crane-necks, and the Springs, 


which are often the occaſion of overturning, by raiſing up the Coach 


too high, as has been ſaid. 


C O- 


——  ——— 
* 
* 


a E EE [ 
9 8 % OR SS UB. of go. erat Le 


— 


1 
* -- 
. 
. 
Wb 
WE. ©. 
3 2 
* 
a+ 
P 
75 
. 
7 
"zh 
4 
8 
„ 
„ 
-— 8 
as - * 
% 3- * 
= 
* 
- % 7 
2 =.) 
42-3 
4 
TY 
nl 5 
2 
mo . 
4 J 
"2 
<4 
= 
5 
. 
4 : 
"= ; 
1 
=+ 
6 
—_— 4 
Y 
Ty 
. . 
* # 
= 
= 4 - 
ER - F 
'F N 
=. 
de 
5% 
1 7 
28 ÞB 
* 8 
"RY 
be 
x 
* 
o Bs 1 
ke . 
7 2 
1 "DS 
T0 
13 
5 8 
1 * 
- *Þ , 
+3 
" 34 
1 IE < 
A 7 
13 
. 
* 0] 3 
1 
% I 
* 1 42 
1 ; 
. - 
1 =. 
* 


l 
n E * ” 4 5 2 "F - wy FS A K 

2 4 Fu? F . 
N - * 3 78 5 2 - 
2 > FS i 00 * 6 2.2 A * 


P 
. 


= 5 ITY 1 


250 


Lea IV. 
Kenn mm 


A Courſe of Experimental Philoſophy. 


COROLL ART X. 


ConsIDERING theſe Experiments made with great and little 


Wheels, it is not hard to conceive that the Berlins are harder for the 
Horſes than Coaches; beſides the Lowneſs of the Fore- Wheels, the 


Shafts do not yield, and the Pole that bends ſends back the Wheel a 
little when there is a Rub to be overcome, and then draws it on more 
ſwiftly ; this makes the Wheel act backwards like a Wedge. If Ber- 
lins are leſs ſubject to overſet, when they do, the Fall is the greater: 
If they colt leſs, the Wheels muſt be oftner repair'd, becauſe in the 


Berlins the Wheels cannot have long Naves ; and then the Shafts break 


oftner than Poles. 


COROLLARY XI. 


THro' it may ſeem that there is not ſo much Advantage in going 
up and down for great Wheels as for little ones, becauſe as they 
roll eaſily they are troubleſome to the Horſes when they are going down, 


and that the little ones not rolling ſo eaſily are not ſo difficult to ſtop ; 


and beſides, that in going up Hill, the Fore-Wheels are not ſo much 
loaded, and therefore leſs Force is required in proportion to the great 
ones than upon plain Ground : Yet it appears that in going up there 
is always more Force required for little Wheels than for great ones, 
and that it will always be fo proportionably ; for as the Direction is 
lower, the Horſes are thereby more tired, and tho' the great Wheels 


are more rolling, the Horſes too have the full Advantage of their 


SO? 


Strength to ſtop them, the Pole being then Breaſt high, whereas 
it is very low when we uſe ſmall Wheels, and it tends to break, 
as often happens in going down Hill: So that all being well weigh'd, 


there is at leaſt as much Advantage in proportion for the great Wheels 


as the little ones in going up and down Hill: Befides, in travelling we 


go an hundred Steps upon plain Ground for one up or down Hill. 


EDROLLARTY Xl 


THERE is another Diſadvantage for little Wheels, which 1s, 
that they break the Payements and ſpoil the Ways more than great 


ones: Beſides, they bear more Weight, and having leſs Bearing they 


111k deeper and jump up higher ; which hurts the Houſes which they 
| | | ſhake 


— © as RE 4 
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ſhake as they go by; they make more Noiſe, and alſo ſplaſh LeR, IV. 


more. 


COROLE RY Xa 


On xz may ſee the Difference of ſtiff Clay, Sand and Pavement, 
that it is always moſt advantageous to draw on the Pavement, and 
that Horſes muſt needs tire very much on Sand ; but that in rainy 
Weather it is often better to go on the Sands than the common Earth 
when it is a ſtiff Clay : But in dry Weather Earth is better than 
Sand, Sand being more eaſy to draw upon when Earth: 1 is the moſt 


difficult, Fe. 
CORO GS 487” MC 


Ac CORDING to the Experiment of bringing forward the 


Weight upon the little Wheels, where twenty-four Balls were re- 
quired to draw the Load out of a Hole, inſtead of three when the 
Weight was behind, and not in a Hole, it appears that there would 
be required much the ſame proportional Force, on Pavement or 
Earth. This ſhews, that going into the Country, it 1s better to 
put Boxes, Portmanteaus, and Footmen behind than before ; which 
is the Reverſe of what moſt Coachmen do, imagining, according 
to their Notion of great Mheels driving, that the Coach will roll 
the better, the more it is loaded before. Whereas the Pages who 
are before fatigue the Horſes twice as much as the Footmen that are 


behind. 


cooL IC 
By obſerving the Waggon or Cart ſtopped on the Sand, for 


which a quarter of Force mult be added to each of them when they 
had time to fink, one may conclude, that if a Carriage be mired, and 
the Horſes are baulked in their drawing ; we mult not itand long, 
but put on the Horſes behind to draw it out, and then go through ano- 
ther Place if poſſible; if not, the Horſes muſt from ſome little 
Diitance be driven briſkly, that the Wheels may not have time to 
fink, and the Horſes may have acquired ſome Swiftneſs, as when 
we go to jump over a Ditch. In making the Experiments, We 
_—_ not give the Wheels time to ſink on the Sand or Earth, but 


iii chem up every time when we put Bails m0 the Bag if there are 
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Lect. IV. not enow. One may obſerve that even upon Pavement we moſt 
— —— uſe more Weight when the Load has ſtood ſome time, the Adhe- 


fion of Parts (or rather taking like the Teeth of Wheels) becoming 
greater both on the Axle-tree and on the Pavement, as has been 
obſerved in the Conſideration of Friction. 


COROLLARY XVI. 


It is alſo well when we travel upon Sand, either in dry or in 
wet Weather, to go in the Ruts, whereby we may avoid the Fric- 
tion on the Sides of the Fellies or Curves of the Wheels, and have 
no Earth to turn up, and alſo the Ground is firmer there. It 
appeared by the Experiment, that when the Waggon or Cart had 
gone twice thro' the ſame Ruts, if it was then drawn in the fame 
Rut the third time, it required ſcarce half the Force this laſt time, 


whether upon Sand or upon Clay, becauſe the Wheels then did not 


ſink above half a Line: Therefore in making Experiments to be 
compared together, we always filled up the Ruts of the Sand and 
of the Clay, that the Difficulty might be the ſame in the Caſes 
compared : For without that, when the Cart went after the Wag- 
gon, it always had the Advantage i in the Experiments on Sand ; and 


the Waggon would ſtill have loſt more if it had TONE n che Cart 


upon the Clay. 


COROLLARY "ha 


SEVERAL other Things might alſo be obſerved concerning lit- 
tle Wheels, as to Holes, Heights to be overcome, and other Caſes, 
wherein there will always be found a great Diſadvantage : 3 
be not ſo great in the Heights to be overcome, becauſe there ap- 
pears to be only the Loſs of a third Part, as the little Wheels then 
do not fink deeper than the great ones; yet in other Caſes more 
than half the Force is loſt : So that which way ſoever we conſider 
that Matter, there will always be more Diſadvantage than Conve- 


niency. 


COROLLARY XVIII. 


As to the Carts with two Wheels, we ſee ſufficiently what Dil. 
advantage they have when compared with Waggons of four equal 


Wheels; and if they have any apparent Conveniencies, as that of 
loading 
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loading and unloading more eaſily, much more is loſt than gained Lec. IV. 
by ſaving that Labour, which ought not to be conſidered, any more 
than the greater Eaſe of going into a Chaize with low Wheels ; 
for we ſuffer for it in another Caſe by the rough Jolts, and the greater 
Labour of the Horſe that draws. | 


COROLLARY XIX: 
THa1s Reaſon of loading more eaſily might at moſt obtain in 


Cities, where we uſe ſmall Carriages and often load and unload; 


but for Carriages that hold their Load a Week or two without un- 
loading, the greater Eaſe of loading ſhould not be conſidered. At 
that rate we might alledge that we ſhould only uſe Sledges, rather 


than load upon a Waggon with four high Wheels: But what would 


be the Difference of the Profit ? 


COROLLARY XX. 


Do not thoſe Carters who uſe Carts to carry Wines with 
very low Wheels, that they may load with the more Eaſe, and 
then alſo ride upon the Horſe, deſerve to be made to draw the Cart 
themſelves inſtead of killing Horſes by needleſs Labour that might 
do great Service if worked moderately ? That Lazineſs is fo much 
the more to blame, becauſe a Turn or two more of the Handle of 
the Jack, or of the Windlaſs, would raiſe up a Veſſel of Wine into 
a high Carriage, with ſpending very little more time, and ſcarce 
taking any more Pains, 


COROLLARY XXI. 


Ir the Cart has ſome Advantages on account of the Direction 
of the Fore-Horſes, and the Height of the Wheels, it has a great 
Diſadvantage for the Tiller, eſpecially upon Pavement; one Wheel 
coming down from a high Pavement drives one Shaft againſt the 
Horſe's Flanks, then the other Wheel falling drives the other Shafta- 
gainſt the Horſe's other Side, fo that the poor Horſe being banged about, 
eſpecially in great Jolts, is foon wore out, or killed; ſo that there 
muſt be a great Force to draw the Cart upon the Pavement on 
this account ; and even when it is drawn bya String overa Pulley 
It goes in Zigzag, | | 
. Hh C O. 
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COROT LARY XXII. 


Bes1DE 5 this Dif dvantage, the Tiller carries part of the Weight; 
as he goes up, the Weight falls back and pullshim, and in going down 
Hill the Weight comes upon his Back : beſides he is forced to ſtop 
alone an immenſe Weight that is laid upon the Cart; fo that it is a 
Wonder no more Tiller Horſes are kill'd, tho' People generally make 
Tillers of the ſtrongeſt Horſes they can get. A Horſe thus harraſs' d 
every way cannot employ ſo much Force to draw as if he was before, 


or between the Shafts of a Waggon, where he is not banged upon the 


Sides, and has nothing to carry, 


COROLLARY XXIII. 


Wu EN we e conſider how much of the Tiller's Force is loſt, how 
much deeper the Wheels {ink in than in the Waggon, how much 
more Force is required upon Sand, Clay and Pavements; we may 


judge, that there is a double Advantage, or nearly, to make uſe of a 


Waggon with four equal Wheels and as high as thoſe of Carts; for 
the Direction for the Horſes would then be the ſame; and the Expe- 
riment ſhews us how much more Force is requir'd for a Cart upon 


Sand and Clay, where it goes ſtreight like a Waggon. 


COROLLARY XXIV. 


Some Carters, when they have new Wheels in their Carts falſſy 
attribute to the Friction of the Naves the tiring of their Horſes, 
which are twice as much fatigued without appearing to do any more 


Work; for when the Wheels have had a few Turns they go 


free upon the Axle- trees; and when they are well greaſed they 
go as eaſy the ſecond Day as any time afterwards; beſides we have 
ſhewn that the Friction on the Axle- tree is very little : But the Cauſe 
of this Labour to the Horſes is the Quantity of Nails in the Iron 
Plates round the Wheels, and the great Height of their Heads, which 
is about an Inch. This Difficulty of rolling along when there is a 


Space between the Nails, is in the Experiment repreſented by an 


Height of one Line to overcome, reducing the Feet of the Wheels 
to Inches, &c. And fince it appears that there muſt be twenty 
times more Force, or thereabouts, to overcome this Height of one 


Inch ; though the Nails ſhould be but half an Inch high, one may 
guets 


Q@ wm — ms 2 Ay Pan 
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gueſs how much Labour muſt be employed to raiſe the Weight ſo Leck. IV. 
at every Nail when the ſhooing of the Wheels bears upon the Pave- wm 
ment, and then the Wheel is raiſed up upon the Head of a Nail all 

the while the Wheel goes round, and eſpecially where there are nar- 

row Gutters. This is the true Cauſe of the extraordinary Labour 


of the Horſes, 


C ORO“ ARKF Aa 


T H 18 ſhews that it is neceſſary the Wheels ſhould be round, and 
the Carters who think they fave Money in uſing many great Nails 
(becauſe the Iron Plates or Shooing does not wear fo faſt when there 
are ſuch Nails) are in an Error, and loſe double by doing leſs Work, 
and fatiguing their Horſes, | 


COROLLARY XXVI. 


THESE Nails alſo have the ſame Effect as narrow Plates; they 
lide between the Pavement, and from thence they have a greater 
Height to riſe in lifting the Weight up, and ſometimes ſliding down 
again, and that wears the Plates round, which makes them ſlide more 
between the Pavements and into the Ruts, which the Kennels make 
in the middle of the Streets; and it is alſo upon this account that nar- 
row Plates ſoon grow round; and, being round, tire the Horſes almoſt 
as much as if there were Nails, I 


COROLLARY XXVI. 


T'x 1s ſhews plainly enough, that it is advantageous to have the 
Plates upon the Fellies of the Wheels wide, as well on the Pavement 
as on the Ground, as it appeared by the Experiment of the great 
narrow Wheel upon the Pavement ; and alſo conſidering the Strength 
that the Horſes muſt exert to draw out the Wheels from the Kennels, 
the Damage that is done to the Pavement, and the quick wearing of 
narrow Plates, which alſo ſoon become round and inconvenient. It 
would be better to have the Kennels like Troughs, wide and ſhallow *, * Plate 27. 
as I E, Fig. 14. and not like LM, Fig. 15. which is the common b. 4 & 15. 
Make of the Chanels in the Streets. | 
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— COROLLARY XXVIIL 


Ir Kennels were made in this Shape, ſeveral Advantages would 
be gained: The Plates or Shooings of Wheels would not fo foon 
grow round, nor break the Paving fo eafily : The Pavement of the 
Kennel itſelf would laſt longer becauſe it would not receive ſuch 
great Shocks, every Part. ſupporting more equally ; whereas now 
the loweſt Place bears much a greater Part of the Weight, whereby 
it ſinks moſt and ſooner breaks. This ſinking in makes thoſe. Places 
lower when they are mended, and the Rain-water ſtays in them, 
ſo that the Wheels or the Horſes Feet ſtriking into them,. ſplaſh the 
People that walk along ;. whereas the Water would always run 
down into the middle of the Kennel, were it not for theſe Incon- 
veniencies: neither would the Stream of the Kennel-water grow 
ſo wide as it does in great Showers, becauſe. in the Form we pro- 
poſe, the Kennel is wide enough at bottom to carry off the Wa- 
ter ;. and it would be eaſier in walking to ſtep over them. 


COROLLARY XXIX. 


Tus alſo might the little Channels, that bring the Water 
from the Houſes to the Kennels in the middle of the Street, be 
made leſs: Nay it would be better to be without them, only ma- 
king a gentle Declivity from the Houſes to the middle of the Street. 
Theſe little croſs Kennels are very inconvenient for thoſe that walk the 
Streets; nay for the very Horſes and thaſe that go in Coaches: Peo- 
ple don't conſider that one muſt ſtop a little at every one of theſe 
Channels and go irregularly, taking firſt a little Step, and then a great 
one to ſtride over; and a little Stop of the Center of Gravity, or of a 
Body in Motion tires one very much : This is the Reaſon why Peo- 


ple are more tired to walk an Hour in Paris than two or three in the 


Country, even upon Pavement,. becauſe there the Body always con- 
tinues its Motion without Interruption. The fame might happen in 
Paris if there was only one Kennel pretty wide and ſhallow in the 
middle of the Streets; then alſo Perſons that go in Coaches would 
be leſs jolted. 


= 
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COROLLARY XIE 


Tre Uſe of Waggons with regard to paved Streets and to pub- 
lick Roads would alſo be of publick Advantage, inſtead of Carts, 
- which are very weighty in proportion to their Bigneſs, and which are 
generally loaded ſo heavy as to endanger the breaking of all the Geer. 
The vaſt Weight which they carry being ſupported. on two Points, 
as they have but two Wheels, ſinks deep and makes great Ruts in 
the Ground ; and upon Pavement when the Wheel is born up on:a 
Nail Head and comes to fall down again, it preſſes down or breaks 
that Pavement worſe than if ten or twenty Waggons with as hea- 
vy a Load had paſſed over that Place. For a Waggon Wheel, that 
falls upon the ſame Place, and from the ſame Height, comes down 
but with half the Weight that the Cart Wheel does, and therefore 
ſtrikes it but with half the Force. Now the Pavement being ſome- 
thing of the Nature of Glaſs, will not break. unleſs it receives a 
ſufficient Blow; and an hundred Blows, if each of them be leſs 
than that ſufficient Blow, will not break it. The Blow from the 
Cart in thoſe Places is often ſufficient to break the Pavement where 
an hundred Blows from a Waggon Wheel, as they ſtrike but with 
nalf the Force, will not be able to hurt it: ſo likewiſe will a Wag- 
gon paſs over as often as you will where a Cart would fink in. Carts 
therefore, little Wheels, narrow Plates for ſhooing the Fellies, and 
great Nails, are to be avoided as much as can be, 5 


COROLLARY XXXI 


By the Experiment made upon Clay and upon Sand, we may 
ſce how uſeful it is to have the Roads firm and ſolid, ſince there is 
lo much Difference between the one and the other. And certainly 
the Carriage of Goods, by Land or Water, contributes much to the 
artificial Riches of a Kingdom or State: And all things well conſi- 
dered, we ſhall find that the Time and Expence employed in mend- 
ing Roads, is the moſt for the publick Advantage. 


cc R ff ‚ ‚ ‚ 


In this, and the other three following Corollaries, Mr. CA Mus. 
finds fault that the Laws and Orders concerning mending Reads 


and. Matters relating: to Carriages are no better obſerved, and 
takes. 
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Lect. IV. 
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pl. 19. F. 16. ſhnewn in the Section, Eg. 16. at BC *, which may be eaſily done 


238 A Courſe of Experimental Philoſophy. 


Lect. IV. rakes Notice that a Farmer that uſes many Horſes to draw a large 
Ce rt ven heavy loaded, may ſpoil the Roads for many Miles, worſe 
tan an hundred others with the common. Carriages, and therefore 


propoſes in | 
PO ROLDART XEXVL 


TA T Orders ſhould be made for the publick Good, That 
only two Horſes ſhould draw in a Cart, and four in a Waggon, which 
four would do more Work than ſix in a Cart. 


FO RDLEL ART XXXVIT. 


TruarT Wheels of Carriages never be made leſs than four Feet 
and a half, or five Feet in Diameter ; that the Plates of Iron never 
be leſs than three Inches wide ; the Fellies three Inches and a quarter 3 
deep, at leaſt for Coaches, and four Inches for Waggons or Carts; 15 
which, by that means, would be ſtronger as they are broader. N 
. ESROLL AR T I. 1 
TH A T the Nails for the Plates be made without Heads, and that ö 

a. great many be made long enough to go quite through to be ri- 
vetted, which will keep the Irons from riſing up: For two Nails 
ſcrewed behind, or with a Counter-Rivet will hold thie Irons on 
faſter than ſix with Heads. One may as well make the Plates three 


Inches wide as two; and as they wear out more at the Edge, they 
may be made thinner in the middle next the Fellies, in the Shape 


I? _ # mo, 4 


in the forging by help of a Swage of that Shape. Theſe Plates being 


put on hot will preſerve the Fellies more from cracking, laſt as long : 
as others, and neither be heavier or coſt more. By this means the 
Roads would not be fo ſoon ſpoiled, and all that uſe Carriages would : 
find their Advantage. . 5 
| EDROLL AR T7 . 
Tu E Navescf Coach-Wheels ſhould be made a little thicker in 
the middle, and not be bored quite thro' where the Spokes are let in; 5 
for then their Ends would not receive the Greaſe, and thereby be ſo ap: : 


= 


to get loſe: The Naves might alſo be made fifteen or ſixteen Inche; 
| | | long, 
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long, with the great End a little leſs, ſince the greater Length of the Lect. IV. 
Nave does not encreaſe the Friction, and it holds the Wheel ſtreighter. 


The Spokes ſhould alſo be made an oblong Square at Bottom, to 
have a Shoulder to keep them firmer than when they are round, 
as they are uſually made. The Spokes thus fixed would not be fo 
apt to fly out, nor make that rattling which they do, eſpecially in 
 Summer-time, The Workmen may work out theſe Shoulders with 
a Bevil at the fame Angle that the Spokes are let in, to make the 
Wheels diſhing out, after the manner the Joiners make their Skew 
Tenons, and the fame Inſtrument would direct them in cutting the 
Mortaiſe, &c, | 


Mr. Camus ends his Conſiderations upon this Subject with 
obſerving, that a Poſt Cbaige with two Wheels has all the Inconve- 
niencies obſerved in Carts ; and befides has the Inconveniency of the 
fecond Horſe which draws on one Side; therefore, for the Baſe 
of the Horſes, as well as the Travellers, he would have all thoſe 
Chai zes to have four Wheels, and the Driver not to ride, but fit 
on a Box like a Coachman ; and the Fore-wheels as high as - the hind 


ones, 


BESID ES the Friction already explained, there is another Impe- 
diment to Motion in ſeveral Engines, and that is the Difficulty with 
which Ropes are folded, which encreaſes according to the Bigneſs 
and Stiffneſs of the Rope, the Weight which they bear, and the 
Smallneſs of the Diameters of the Bodies about which they wind. 
This Impediment we ſhall alſo call Friction, becauſe we muſt make 
Allowance for it as well as for the rubbing of the Parts of the Ma- 
_ chine, otherwiſe we ſhall always find the Effect of Powers by means 
of Engines to be leſs than we expect. 


Monſieur Perault, in his Comment upon Vitruvius, deſcribes 


an Engine of his contriving, whereby he thinks to avoid all Fric- 


ton. This Machine is an Auris in peritrochio applied a new Way: 


Bat as he is not aware of the Friction or Hindrance that ariſes from 
the Difficulty of bending the Ropes, the Effect will by no means 


anſwer as he propoſes: For, upon Tryal, his Machine appears to 
have more than double (ſometimes than triple, of quadruple) the 
_ Friction of the ſame Engine uſed in the common Way, when the 
Pivot or Iron Axis is in Diameter the 12th Part of the Roller or' 


wooden Axle. He does, indeed, fay, that the Machine was tried and 
EE: ſucceeded ; 
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Lect. IV. ſucceeded ; but having carefully examined it, I found it impoſſible 
wx to anſwer according to the Deſcription ; and leſt at any time any 
body ſhould be at the fruitleſs Expence to make the Machine in 
large, I demonſtrated the Diſadvantage of it before the Royal Soci- 
ety, and ſhewed that beſides the Friction (overlooked by its Author) 
there was a great Inconvenience in the 1 : And this I 
confirmed by Experiments made on a Model of an Inch to a Foot, the 


large Pulley or Wheel being ſuppoſed of five Feet. 
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Monſieur Perault's Account of his Engine is as follows: © In 
Imitation of the (modern) Crane, I have invented two Engines 
for raiſing Weight. The firſt is made of that Organ which is 
the moſt advantageous of any in Mechanicks for facilitating Mo- 
tion; becauſe it is free from that Inconveniency which we meet 


with in all others; namely, the Friction of the Parts of the Ma- 
chine, which renders their Motion more difficult. This Organ is 


the Roller, which Ariſtotle prefers to all other Organs, becauſe 
all the others, as Wheels, Capſtanes, and Pulleys, muſt neceſſarily 
rub in ſome of their Parts. But the Difficulty was to apply the 


Roller to an Engine that raiſes Weights, its Uſe having only been 


hitherto to cauſe them to roll on an horizontal Plane. The Engine 
which I propoſe has a Baſe AAB *, (Plate 17. Fig. 18.) ſome- 
thing like the Crane; This Baſe has, in its upper Part, the horizon- 
tal Piece B, which claſps an upright Shaft CO, ſupported under 
its Pivot O, on which the whole Engine moves in the ſame man- 
ner as the Crane, when the Weight is to be lowered. This Shaft 
ſupports on its Top a croſs Piece D D, to which are faſten'd the 
Ropes E E, which wrap round the Barrel, Axle, or Roller F, 
which has another Rope G, that alſo wraps or winds round one 
of its Ends. This laſt Rope is that which raiſes the Weight. At 
the other End of the Axle there is a great wooden Wheel like a 
Pulley H H, about which is wound a long Rope N. To work 
this Engine, one muſt pull the long Rope N, which cauſing the 
great Wheel to turn, does alſo carry round the Axle or Barrel, 
which is made faſt to it. This Axle, as it turns round, cauſes the 


Rope EE to wind about it, and therefore the Axle and the Wheel- 


riſe, whilſt the Rope F, to which the Weight is faſtened, does al- 
ſo wind itſelf upon the Axle the contrary way; and this double 
winding up of the Ropes makes both the Burthen and the Axle 


and Wheel to riſe at the fame Time. Now it is evident, that all 


this Riſe is perform'd without the Friction of any Part, and conſe- 


« quently, 


A Courſe of Experimental Philoſophy. 241 


Lect. IV. 


*“ quently, the whole Power which draws the Rope N, is employed 
without any Hindrance ; which cannot be in other Engines. | 


«© IT may be objected that the Power which acts at N, muſt, be- 
« ſides the Weight, raiſe alſo the Axle and great Wheel, and that 
«their Weight is one of thoſe Obſtacles which Arifotle ſays all En- 
« gines are liable to; and that this Obſtacle is equivalent to the 
Friction which is in other Organs, But it may be anſwered, that 
* Friction is an Obſtacle wholly unavoidable in all other Organs; but 
ce that it is eaſy to remedy the Obſtacles of this, which is done by 
means of the heavy Body M, taken equal in Weight to the great 
© Wheel and Axle, which it ſuſtains by means ef the Rope II, which 
* running over the Pulleys LL, is fixed to the Ring or Collar K that 
goes round the Axle F: For the Axle and the Wheel being coun- 
« terpoiſed by this Weight, the Power which acts by drawing the 
long Rope N, acts for raiſing the Weight only. The Experiment 
« which was made with this Engine, has confirmed the Truth of this 
“Problem, by comparing its Effects with thoſe of a Crane, in which 


e the Proportion of the Bigneſs of the Axle to the Circumference of 
© the Wheel, was the fame as in my Machine: For it happened, 


* that, in the Crane, a Weight of One hanging at a Rope going 
* about the Wheel, drew up a Weight of Seven, when it had one 
half added to make it preponderate, or give Motion to the Power: 
And when the Weight to be raiſed, and the Weight which ſerved 
« as a Power, were proportionably encreaſed, there was alſo a Ne- 
« ceſſity to encreaſe the additional Weight, which made the Power 
«© preponderate in the ſame Proportion: So that as it was required to 
add one half to the Power when the Weight was Seven, the Addi- 
© tion to the Power became One for a Fourteen Pound Weight, Two 
for a Twenty-eight Pound, Four for a Fifty ſix Pound, and ſo on; 
A becauſe the Reſiſtance from Friction encreaſes nearly in the fame 
Proportion that the Weights are encreaſed. But this did not happen 
in my Engine, in which one Quarter was always ſufficient for the 
** Draught (or to make the Power preponderate) not only when the 
„Weight was Seven, but alſo when it was Fourteen Pounds, Twenty- 
* eight Pounds, Fifty-fix Pounds, &c. which evidently ſhews that 
* this Engine acts without Friction.“ 


| Thus far Monſ. Perault : But 3 plauſible this Deſcrip- 
tion may appear, a little Attention will ſhew, that if this new En- 
Vi. 1 1i gine 
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Lect. IV. gine had no Friction, yet it is more inconvenient than an Axis in Pe- 
by See ritrochio, with the ſame Proportions ; and likewiſe that it has more 
Pl 18. F. 1, Friction than the fame Machine in the common Uſe. A CE (Fig. 
I.) is a common Axis in Peritrochio, which has the Wheel A E, 

five times bigger in Diameter than the Axle; ſo that A C, the Radius 

of the Wheel (which is the Diſtance of the Power) is to C B, the 

Radius of the Axle (the Diſtance of the Weight) as 5 to 2 : Con- 


ſequently One (for Example one Ounce, as in our Experiment) will 


keep Five in /E9uilibrio. Now though the Friction of the Gudgeon 
at C is unavoidable, yet it may be diminiſhed by diminiſhing the 
+ Ann. 4. Diameter of the Gudgeon 4; provided it remains ſtrong enough to 
ſuſtain the Machine and its Burthen, Here one Penny-weight, or 
z Of the Power added to it, makes it preponderate, and give the 


2 0 


Machine Motion with a due Velocity. 


Now this very Engine made Uſe of in Monſ. Perault's Way, 
does ſo alter the Diſtances of the Weight and Power, that, inſtead 
of One for our Power, we muſt have Tuo and à half to keep the 
very ſame Weight Five in Aquilibrio, as may appear by a Sight 

+*p1,18.F.2. Of the ſecond Figure **, where ſince in the Action of the Machine, 


N when we pull the Rope PA, we make the Axle D B to wind itſelf 


up upon the Rope H D, it is evident that D is now become the Center 
of Motion D B (the whole Thickneſs of the Axle) the Diſtance of 
the Weight e 2; and the Diſtance of the Power is reduced to A D 
— 4. So that if two Men, having been employed in the common 
Way to raife Weights equal to the Strength of ten Men, an Engineer 


thould alter the manner of working, and fit up the Axis in Peritro- 


chio in Monſ. Perault's Way, inſtead of gaining an Advantage, he 

++ Ann. 5. muſt call in three more Men to perform this Work . If it be 
anſwered, that what is loſt in Strength will be gained in Time, it may 
not only be faid, that one cannot always call in more Help on a ſud- 

den, but that even then, though we ſhould. not call this an Inconve- 
niency, yet there will be ſtil] more Friction in this than in the com- 

mon Method; for the Roller or Axle will find a Difficulty to wind 
on the Ropes, becauſe they are not perfectly pliable, and the leſs ſo, 

the greater the Weight is that ſtretches them. This, together with 

the Friction of the Collar of the Rope of the Counterpoiſe to the 
Engine, makes the Hindrance greater than in the common Way: For 

it appears by my Experiments, that when the Power is become equal 

to 22 to keep the Weight 5 in Agquiliorio, there muſt be added ; 


2 . 
(here four Penny- weight) to put che Power in Motion. Ny 
, 


ve 


at 
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AN p, to ſhew that this Friction of the Ropes is not always the Lect. IV. 

fame as Monſ. Perault ſuppoſes it; when * P (or the Power) is made 
only one Ounce, and W (or the Weight) 2 Ounces, then to make 
the Power preponderate, only 2 Penny-weight and 18 Grains was 
| ſufficient : But when P is== 2+, and W = 5, the additional Weight 
marked = was 4 Penny-weight and 2 Grains. 


Ix is plain from this, that Monſ. Perault's Experiments were 
very inaccurately made, and therefore not to be depended upon. 


1 have been the more particular here, becauſe we are apt to be led 
into an Error by the Overfights of a Manof great Reputation, whom 
we don't eafily ſuſpeft of a Miftake. 


THro' it be as difficult, at leaſt, to give a certain Account of the 
Forces required to bend Ropes of different Diameters (ſtretched by 
different Weights, in making them go round Bodies of different Big- 
neſſes) as to give an exact Theory of Friction; yet to conſider nothing 
of the Loſs of Motion occaſioned thereby, would be as prejudicial to 
the Practice of Mechanicks, as it would be to overlook the Friction of 
the Parts in Engines. Therefore, tho the different Materials of which 
Ropes are made, their different Stiffneſs, according as they are more 
or leſs twiſted, and ſometimes the Temperature of the Weather (as 
to Moiſture and Dryneſs) at the Time that they are uſed, makes it 
very difficult to be exact in our Concluſions ; yet we think it is of 
great Uſe to give the beſt Theory we can, and mention ſome of 
the Experiments, at a Medium, made upon Ropes pretty good in 
their Kind, and moderately twiſted ; becauſe if any Part of a Rope 
of any Length of equal Thickneſs, and even Twiſt from End to End, 
be ſtretched by a known Weight round a Cylinder, Roller, or Pulley, 


and it be obſerved what Force will bend it about a Roller of a given 


Diameter, we may know what other Force will be required to bend 
it round any other Body, and when ſtretched with a different 
Weight ; and, beſides, in new well made Ropes, the Difficulty of 
bending, cæteris paribus, is pretty near as the Diameters (not the So- 


(:dities) of the Ropes. 


EXPERIMENTS, Plate 18. Fig. 3. 


T o two immoveable Hooks R R I fixed the two Ropes R 7, Rr, 
at the Diſtance of about 8 Inches from each other; and at the lower 
112 | End 
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* Pl. 18. F. 2 
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Lect. IV. End of the Rope I hung the Scale SS, on which I placed the Weights 
—— W to ſtretch the Ropes. Then I took ſucceſſively three Cylinders 
i. 18. F. 3. like CC, each one Foot long (one of half an Inch, anather of an 
nch, and the third of an Inch and an half Diatneter) and having 
wrapped the two Ropes about one of the Cylinders, as may be ſeen 
in the Figure, by putting Weights in the little Scale s by means of 
the Ribbon I brought down the Cylinder towards W, always taking 
care that the Parts of the Ropes did not rub againſt each other, and 
rolling the Cylinder up and down two or three times before I ſettled 
the Weight that I obſerved to bring down, c 


N. B. The Weight i ncludes the Weight of the Cylinger and 
5 Scale. EY nh | 


 +PL.18.F.4. In the 4th Figure + C repreſents the Section of the Cylinder or 
Roller, about which the Rope Rr is wound, and K L its Diameter, 
and ms the little Scale and Ribbon as before, 


Tux Weight W may be always looked upon as the Weight 
ſtretching the Rope:; becauſe (though it ſtretches the two Ropes, 
and conſequently each Rope is ſtretched but by half of it) the Cy- 

Pl. 19. F. 3-Jinder CC & brought down by the Weight s bends or cauſes a folding 
in the two Ropes at C and C, which gives it the ſame Difficulty of 
Deſcent, as if only one Rope bearing the whole Weight was folded 


A TABLE 
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| „ _ Iv. 
A TABLE of ExrERRMMEN TS, ſhewing what Forces 
were required to bend Ropes of different Diameters, 
ſtretched by different Weights, round Rollers of 
different Bigneſſes. 


The Quantity of thejThe Reſiſtance of the| The Reſiſtance of theſ The Refiftance a- Dia meters of the 
Weight W., by | Rope about à Cylin-| Rope about a Cylin-\bout a Roller of one|Ropes of 3 Strands 
which the Rope i ler of half an Inch|1er or Reller of one| Inch and half Dia ſor Twiſts, expreſi d 
ftretched, expreſſed| Diameter expreſs'd| Inch Diameter in|meter in J Aver-in tenth Parts of 
in tbAverdupoids.ſ'» J Averdupoids. J Averdupoids. dupoids. an Lich. 

I 2253 | ia 75 3 Fa 

45s —| 22t— 15 — on 

4.0 — 60 — 30 — 20 —— 0,2 

30 — Ih — IO —.— 0,1 

mT. — 375 2 

20 1 5— * 30 — 15. — 10 — 

e 15 — 1 — bat — o, æ 


* The Experiment could not be made here, becauſe the linder 
ef 14 Inch Diameter, which ſhould have been uſed here, weighed 
above 8 Ounces ; and the Weight required ta bend the Rope, appears, 
by Analogy, to be but 5 Ounces, | 


OBSERVATIONS on the foregoing Table, 


Tu E Experiments mentioned here are taken at a Medium from 
a great many that I made, the Difficulty of bending the Ropes being 
fometimes a little lefs, and ſometimes a little greater, 


ONE may, from this Table, make a more extenſive one, by put- 
ting in Numbers analogically for ſeveral other Thicknefles of Ropes, 
and larger Diameters of Cylinders or Rollers; but in Ropes of a 

Diameter bigger than half an Inch, a Roller of half an Inch is too 
little, and hardly ever ufed in Practice ; nay, in ſuch Caſes, the bend- 
ing of the Ropes is more difficult than in Proportion to the other Expe- 
riments; and in my Tryals, the Rope of o, 5 of an Inch Diameter 
generally required more than here ſet down. 
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I FounD that a woven Clock-line of o, 1 Inch Diameter required 
more Force to bend it than a twiſted ' Rope of the ſame Thickneſs, 
which ſeemed much ſtiffer ; but if we conſider that the woven String 
flattens as it folds round a Cylinder; that has the ſame Effect as if the 
Cylinder was become leſs, one Fold of ſuch a Line making by its 


central Parts a leſs Circle than a twiſted Rope, which does not become 


flat. 


Mons. Amontons made ſeveral Experiments of this kind, mentioned 


in the Memoirs of the Royal Academy of Sciences at Paris, for the 


Year 1699, and calculated a Table of the Force required to bend 
Ropes, which Table I cannot recommend, becauſe it is built upon a 


Miſtake : For he ſays, that the Difficulty of bending a Rope of the 


ſame Thickneſs, and loaded with the ſame Weight, decreaſes when 
the Diameter of the Roller encreaſes, but not ſo much as that Dia- 


meter encreaſes ; but I have found by many repeated Experiments, 


that the Difficulty decreaſes directly as the Diameter of the Roller en- 
creaſes ; that is, The Difficulty of bending a Rope round a Roller, is, 
cæteris paribus, inverſiy as the Diameter of the Roller. N. B. I be- 
lieve Monſ. Amontonss Miſtake aroſe from the Parts of the Rope rub- 
bing againſt each other, which I always took care to avoid. | 


WHEN a Rope is carried under or over a Wheel or Sheeve of a 
Pulley, the Difficulty of bending is as great as if it went quite round 
a Roller, which will appear by obſerving the 4th Fig. of Plate 
18: For while the Rope is folding about the Cylinder C in the 
Direction 7 K L, the under Part Lo K unfolds of itſelf without any 
Difficulty. | 8 


IHA v E in this Lecture (Page 195, 196, 197) given Rules for 
the Friction in a compound Engine, and ſhewed the Application of 
thoſe Rules by an Example; but did not then take in the Difficulty 
of the folding of Ropes. But now I will give another Example wherein 
that alſo is confidered, and ſhew how near the Theory agreed with 
the Experiment performed with a Machine made as nicely as poſſi- 
ble, to make the Compariſon the juſter. Os 


The. Machine conſiſts of three Pulleys (two upper and one 
lower, or a Tackle of three) whoſe Diameters are exactly as follows, 


viZ. two Inches, one Inch and a quarter, one Inch and an half | 


am feds A Poa 5 


Pound Averdupoids, and conſequently - the Power to keep it in 
Azuilibrio muſt be 6 Pounds, and a very little more muſt make 
the Power raiſe the Weight, if there was no Friction; but here 
no leſs than 20 Ounces are required, though the Machine be very 
exact. | 


I nave ſhewn (in Rule 2, Page 195.) that two thirds of the Pl. 18. F. 5 


Power are equal to the Friction of a Cylinder, whoſe Surface moves 
as faſt as the Power, and whoſe Gudgeons are equal in Diameter 
to the Cylinder. Now as the Diameter of the firſt Pulley 11s eight 
times bigger than its Pin, its Friction muſt be 4 Pound divided by 8, 
or 8 Ounces ; becauſe as the Surface of its Circumference moves with 
the ſame Velocity as the Power, its rubbing Surface on the Pin muſt 
move eight times ſlower, 


Taz ſecond Pulley 2, whoſe Surface moves as flow again as the 
Power, and whoſe Pin is fix times leſs. in Diameter than itſelf, muſt 
of conſequence have its Friction only of 5+ Ounces ; becauſe two 
thirds of the Power, or 64 Ounces, muſt firſt be divided by 2, by 
reaſon of the Velocity of the Pulley's Surface being but half that of the 
Power ; and then again by 6, becauſe the Pin being fix times leſs, 
the Farts rubbing on the Pin muſt ſtill mave fix times flower : So that 
7 ==. 32, and 7 == 5+ Ounces. 


THE third Pulley 3, moving with a third of the Velocity of the 
Power, 64 Ounces, muſt be divided by 3, and that Quotient again 
by 5, becauſe the Pin is here + of the Diameter of the Pulley: So 
that the rubbing Parts of this Pulley have their Velocity one 5th 
of a 3d, or Fx, of the Velocity of the Power; and therefore £4 
will give 4,26, Cc. Ounces. Now the Sum of all theſe Frictions 
(vz. 8 Ounces + 5, 3333 Oc. Ounces, + 4,26 Cc. Ounces) makes 
17,6 Ounces, which is the gth and £4; Part of the Power. This Ad- 
dition to the Power will fo encreaſe the Friction, as to require a 
Super- addition of the 5th and A Part of that firſt Addition, and ſo on 
in this Series, 17, 62 Ounces + 3,2 Ounces (which is 3.2) + 0,59 
Ounces (which 1 4) &c. in all 2 1, 55 Ounces. 


To this muſt be added the Friction or Reſiſtance on account of 
the Difficulty of bending the Ropes, which by the lit Table may 
be found in the following Manner, - SUPPOSE 
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and all the Center-Pins of one quarter of an Inch Diameter exactly, Lect. IV. 
and the Rope of one tenth of an Inch Diameter. The Weight is 18. 
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SUpposs the Part of the Rope, which is at 1 the Side of the firſt 


yh bY gs or upper Pulley to be fixed, then will the 3 Ropes D E, 3 B, and 
72A ſuſtain together the whole Weight W *, which * with 
the Block) weighs 18 Pounds; ſo that we may conſider each Rope 
as ſtretched by ſix Pounds, and folding round Avent Cylinders of 
the reſpective Diameters of the Pulleys. 


For the firſt Pulley, we look in the Table for a Rope of one tenth 


of an Inch, and find that when ſtretched with the Weight of 20 
Pounds it requires 7, 5 Ounces to bend it round a Roller of an ent 
therefore we muſt firit make Uſe of this Analogy. 


As 20 w. ſtretching a Rope of one tenth of an Inch in Diameter : 
Is to 7 + Ounces, the Force required to fold it on a Roller of one 
| Inch Diameter :: 
So is 6 Pounds, when ſo much only ſtretches the Rope: | 
To 2,25 Ounces (that is, two Ounces and a quarter) the Force 
able to fold the fame Rope, only ſtretched with 6 ib, round a 
Cylinder of one Inch Diameter. 


Bu r as the firſt Pulley is not of one, but two Inches Diameter, 
we jauſt diminiſh the Force neceſſary to fold the Rope in a recipro- 
cal Proportion of thoſe Diameters, by the next Analogy, which will 
alſo ſerve for the two other Pulleys. Eo” 


As the Dia meter of the Pulley, where we want to know the fold- 


ing Force : 
To the Diameter of the Pulley where the Force is known: : 
So is the folding Force before found: 
To the folding Force Ts. 


That is, as 2: 1:: 2,25: 1,125 Ounces for the iſt Pulley; 
And, as 1,5: 1:: 2,25: 1,5 Ounces for the ſecond Pulley; 
And laſtly, as 1,25: 1:: 2,25: 1,8 Ounces for the 3d Pulley. 


By ſuch Analogies we may encreaſe the little T, able above to any 


other Propyrei ons, oa as to Jhew by Inspection the Force required 


70 


It is true, that in Motion, one Rope gether will amount to the very ſame. So 
bears more of the Weight, and another leſs that this is the beſt, becauſe the eaſieſt way 
of it.; but, upon the Whole, the different of conſidering it. | 
Difficulties of folding the Ropes taken to- | 


70 
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to fold Ropes in moſt Caſes ; or moſt Caſes may be deduced from this 
Table itſelf. Ls e 
BUT ts go on with the Theory of the Friction of our Machine: 


Theſe three laſt Frictions, or Reſiſtances of Ropes added together, 
make 4,425 Ounces, which added to 21, 41 Ounces the Friction 


> 3 
I 8 
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Lect. IV. 
— — 


above found, gives in all 2 5, 83 5 Ounces, a F riction greater by near 


fix Ounces than the Experiment gave. But I have demonſtrated in 
the Annotation to my third Lecture (Page 169.) that, When a 
String or Rope runs over a ſingle Pulley or Roller by the Deſcent 
of the preponderating Weight (the other Weight rifing at the ſame 
time) the Preſſure on the Axis of the Pulley is always equal to 
the Quadruple of the Product of the -Werghts multiplied into one 
another, and divided by the Sum of the ſame Weights, And 
that Preſſure being always leſs than the Sum of the two Weights, 
when they are unequal, ſo much as it is leſs muſt be taken 
out of the Account of all the Frictions, and the Experiment then 
will be extremely near the Theory. But to omit nothing in our 
Calculation, we will alſo examine what this Diminution of Preſ- 
ſure is. | 


Tur Power (6 Pounds) together with what we have found ne- pl. 18. F. ;. 


ceſſary to be added to it on account of all the Frictions and Re- 
fiſtances of the Ropes, is to be look'd upon as the preponderating 
Weight in the Caſe of the Propoſition abovementioned, that is, 6 
Pounds and near 26 Ounces, or 122 Ounces : and 6 Pounds without 
any Addition is to be conſidered as the Weight overpoiz'd on the 
other ſide of the firſt Pulley 1, which is an upper Pulley. Let the 


two Weights be multiplied together, that is, 6 Pounds or 96 


Ounces x 122 Ounces, the Product of which is 11712 Ounces; 
which again multiplied by 4, or 11712 x 4 gives the Product 
46348 ; then dividing the laſt Product by 218, (the Sum of the 
Ounces in both Weights). or #53+*, the Quotient will be 214,9, 
which ſubtracted from 218 the Sum of the Weights, will give 2,2 
Ounces the diminiſhed Preſſure, or that part of the Preſſure which 
the Pin of the Pulley 1 is freed from when the Power preponderat- 
ing runs down. 


Now as there is another upper Pulley over which the Rope al- 
lo runs, there muſt be likewiſe taken off on that account 3, 1 Ounces: 
do that if theſe two laſt Sums, or 6,2 Ounces be taken from 25, 83 5 

Y0%. I K k Ounces, 
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Lect. IV. Ounces, found by Theory equal to all the Frictions, there will re- 
w— main 10,635 Ounces, the Addition neceſſary to make the Power 


over-balance the Weight with the leaſt Augmentation poſſible; 
and that in the Experiment is o, 365, or a little more than one third 
of an Ounce ; for 20 Qunces added to the Power 6 Pounds, makes 
it run down. 


N. B. Nothing Wes here allow'd as an Increaſe of Friction on 


. account of the Weight added to bend the Ropes, which would 
ill bring the Experiment nearer the Theory. 


I Practice we need not make this laſt Allowance, or conſider 
this Diminution of Preſſure, eſpecially in Tackles of many Sheeves, 
becauſe there are generally ſome Hindrances more than the com- 


mon Friction; as for Example, when Sheeves rub againſt the Sides 


or Cheeks of the Blocks, or when their Hole wears bigger, which 
increaſes the Friction as much as if the Pin was become ſo much 


bigger. | 
BEING willing to try how far the Theory of Friction and bend- 


ing Ropes would agree with ſuch Tackles of Pulleys as are com- 


monly uſed in Building, and conſequently be uſeful to direct our 


Practice, I made the two following Experiments. 
EXPERIMENT I. 


I Took a Tackle of five Braſs Sheeves in Iron Frames or Blocks ; 
that is, three Sheeves in the upper Block, and two in the lower. 
Having made an Æguilibrium by hanging one hundred and a quarter 
at the lower Block, and a quarter of an hundred at the running 
Rope, I added 17 Pounds and a half before the Power could go. 
down and raiſe the Weight. | 153 


ExXPERIMEN ＋ | H. 
Two hundred and an half being balanced by half an hundred, 
the Addition of 28 Pounds made the Power raife the Weight. 


B. The Sheeves were 5 Inches Diameter, the Pins. half an 
Incb, and the Rope three quarters of an Inch. 


In the firſt Experiment 17 Ib and an half exceeds by 4 2 11 


the Sum of the Frictions and Reſiſtances deduced from the Theory. 


But 


bin hHds pond A$ 2Þ—Þ wo 4x1 
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But in the ſecond Experiment, 28 h exceeds the Sum of the Fric- Lect. IV. 
tions, &c. not quite 2 h. The Reaſon of this appeared to be, that 
the Rope at firſt was too big for the Cheeks that held the Sheeves ; 
but in the ſecond Experiment, where the Rope was more ſtretch'd, 
its Diameter became ſomething diminiſh'd, and ſo brought off the 
Rope from rubbing ſo hard againſt the Cheeks. | 


FROM knowing the Quantity of Friction in ſuch large Tackles, 
we may know what to expect in Practice. For if one Man, who 


for a ſmall time can exert the Force of 100 Ib, thinks that he may 


draw up a Stone or a Roll of Sheet Lead, or any other fuch 


Weight to the Top of an Houſe with a Tackle of Five (becauſe 


this would ſeem feafible from mechanical Principles) will find him- 
{elf miſtaken on account of the Friction, which will not be ſur- 
mounted without an additional Force of 50 Ib. 


T hope this Account which T have given of Friction and Hindrance 
to Motion in Mechanical Engines (however imper ect it is) may be 
of confiderable uſe to direct fuch Perſons as concern themſelves with 


Engines and Manufactures. And to afford all the Help I can upon 


this Subject, I will give him ſome Conſiderations of the comparative 
Strength of Men and Horſes, as well as the beſt way of applying 
therr Forces, being the Reſult of many Years Obſervations of my 
own, as well cs what T have found in Authors who have treated 


of theſe Things. 8 | 


AN Horſe draws with the greateſt Advantage, as we have al- 
ready ſhewn from Mr. Camus, when the Line of Direction (be- 


ing parallel to the Plane on which the Weight moves) is level with 


the Horſe's Breaſt, and is able in ſuch a Situation to draw 200 th 
eight Hours a Day, and walking about two Miles and an half an 
Hour, which is about three Foot and an half in a Second. And if 
the ſame Horſe is made to draw 240 Ih, he can work but ſix Hours 
a Day, and cannot go quite fo faſt ; and in both caſes, if he carries 
tome Weight, he will draw better than if he carried none. We 
don't mean by this what an Horſe .can draw upon a Carriage ; be- 
cauſe in that caſe Friction is only to be overcome, ſo that a mid- 
dling Horſe well applied to a Cart, will often draw above 1000 I ; 
but ſo much as an Horſe could draw up out of a Well over a fin- 
gle Pulley or Roller (made to have as little Friction as poſſible) is 
properly what an Horſe can draw; and Horſes, one with another, 

HE 2 | draw 
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draw about 200 Ib in ſuch a Caſe, as we ſaid before. To this may 
be referr'd the working of Horſes in all forts of Mills and Water. 
Works, where we ought to know as near as we can, how much 
we make every Horſe draw, that we may judge of what the Ef. 
fect will be when proper Allowance ſhall have been made for all 


the Frictions and Hindrances, before we cauſe any Machine or Mill 
to be crected. 


WLauEN an Horſe draws in a Mill, Water-work, or Gin of any 
kind (in which the Horſe is made uſe of to draw round a Ca 

ſtane or Axis in Peritrochic) great Care ſhould be taken that the 
Horſe-Walk be large enough in Diameter, otherwiſe. the Horſe 
cannqt exert} all his Force as he goes round: for in a ſmall Circle 
or Horſe-Walk, the Tangent (in which the Horſe ſhould draw) 
deviates more from the Circle in which the Horſe is obliged to go, 
than it does in a great Circle. The Horſe-Walk ſhould not be 
leſs than 40 Foot in Diameter, when ever there is room for it; 
and the fame Horſe loſes of his Force conſiderably in a ſmall Walk, 
becauſe he pulls in a Chord of the Circle, drawing the horizontal 
Beam behind him at acute Angles, ſo much, that in a Walk of 19 
Foot Diameter, I have known an Horſe loſe 2 fifths of the Force that 
he exerted in a 40 Foot Walk. Moſt of the Mill-Wrights in Lon. 
don (and I believe in moſt great Cities) do not love to make large 
Horſe-Walks, even when they have room; becaule, as there is ge- 
nerally want of room where they have been obliged to ſet up 
Works, they have accuſtomed themſelves to make their Geers for 
ſmall Horſe-Walks, and think it enough to give the ſame propor- 
tional Velocity to the Power and Weight, as is done in a larger 
Horſe-Walk, (becauſe if the Cog-wheel be ſomuch leſs in the Dia- 
meter as the Horſe draws nearer to the Center, the difficulty of 
drawing, were it not for the twiſting of the Horſe, would always 
be the ſame ;) not conſidering the Strain put upon the Horlſe : or 
when by Practice they have found how much a Horſe may eaſily 
draw, with all the Diſadvantages which the ſudden turning gives 
him, they won't take the advantage which more Room might 
give in removing that Difficulty, becauſe they don't care to go out 
of the way which they have been accuſtom'd to. But ſuch Mill- 
wrights, as have work'd at Coal-pits and Mines, know better, as 


they have been uſed to large Horſe-walks in Coal-fields, c. 
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IHAE often found that five Men are equal in Strength to one Lec. IV. 


Horſe *, and can with the fame Eaſe puth round the horizontal 


Beam in a 40 Foot Walk; but three of the fame Men will puſh : 


round a Beam in a 19 Foot Walk, which an Horſe (otherwiſe e- 
qual to five Men) can but draw round. 


THE worſt way of applying the Force of a Horſe is to make 
him carry or draw up Hill; for if the Hill be ſteep, three Men 
will do more than a Horſe, each Man will climb up faſter carrying 
100 th Weight, than a Horſe that is loaded with 300 16. This 
is owing to the Poſition of the Parts of a Man's Body, which are 
better adapted to climb than thoſe of a Horſe. © 


IT follows from this Obſervation, that thoſe. who have thought 
to gain great Advantage from the Weight of a Horſe by applying 


it to an Engine to work the Forcers of Pumps, have not in the 
Execution found what they expected from a Calculation of the 


Weight of that Animal, becauſe at every Step the Horſe is really 
climbing up Hill, when his Weight is made uſe of; and therefore he 
goes the ſlower. | | | 


As a Horſe from the Structure of his Body can exert moſt Force 
in drawing horizontally in a ſtrait Line, a Man can exert leaſt Force 
that way; as for Example, if a Man weighing 140 Ib walking by 
a River or Canal Side, draws along a Boat or Barge by means of a 
Rope coming over his Shoulders, or any how faſtned to his Body, 


he cannot draw above 27 Ib, or about the ſeventh part only of what 
a Horſe can draw in that Caſe : 


for the whole Force that a Man 
exerts in that Action intirely depends upon his Weight, and not his 
whole Weight neither, only about r parts of his Weight, acting 
obliquely too, puſhing him forwards as he ſtoops, produce the 
whole Force whereby the Man draws the Barge along, as has been 
demonſtrated by Mr. de lu Hire, in a Memaire which he preſented 
to the Royal Academy ef Sciences at Paris, in the Year 1699; of 
which I have given a Tranſlation in my Notes. “ 


H1s other Reaſoning about the Application of the Force of a Man 
is juſt ; but his Data not being true, ſome of his Concluſions, tho 
truly drawn from his Data, are not true in Fact; therefore I have 
in the ſame Note given Remarks upon what he has ſaid. , 

N 


—— 


Ann. 6. 


+ Ann. 8. 
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— — Ix drawing a Barge in the manner above-mentioned, a heavy 
| Man (provided he be not unwieldy) will do more than another, 
unleſs he carried Weight proportionably, and the higher the Weight 

is carried, the better. Irs | > 


— a «® . 8 | Ul 


WHEN a Man turns an horizontal Roller or Windlaſs by a Han- Ps] 
dle or Winch, he ſhall not have above 30 Iþ Weight acting againſt | 
him, if he is to work ten Hours a Day, and raiſe the Weight about | 

Foot and an half in a Second, which is the common Velocity 3 

that a Horſe draws with: I ſay 30 Ib, ſuppoſing the Semidiame- 5 
ter of the Windlaſs equal to the Diſtance from the Center to the EY 
Elbow of the Handle ; for if there be a mechanical Advantage, 
as there uſually is, by having the Diameter of the Axle, on which 
the Rope winds, four or five times lefs than the Diameter of the. 
Circle deſcrib'd by the Hand, then may the Weight (taking in alſo 
the Reſiſtance on account of the Friction and Stiffneſs of the Rope) 
be four or five times greater than 30 Ib, that is, fo much as it riſes 
flower thin the Hand moves. | 


IN this Operation the Effect of a Man's Force varies in every 
part of the Circle deſcrib'd by the Handle. The greateſt Force is 
when a Man pulls the Handle upwards from about the Height of 
his Knees, and the leaft Force when (the Handle being at top) a 
Man thruſts from him horizontally ; then again, the Effect becomes 
greater as a Man lays on his Weight to puſh down the Handle: 
but that Action cannot be fo great as when a Man pulls up, be- 
cauſe he can lay on no more than the whole Weight of his Body, 
whereas in pulling he can exert his whole Strength. Laſtly, a Man has 
but ſmall Force to pull the Handle horizontally towards him when 
it is at loweſt, Let us, as Monſ. de la Hire does, ſuppoſe a Man of 
moderate Strength to weigh 140 Ib, he may in the four prin- 
cipal Parts of puſhing and pulling in the whole Circumference of 
Motion exert the following Forces, viz. in the ſtrongeſt Point a 
Force equal to 160i; in the weakeſt, a Force equal to 27 lb; in 
the next ſtrong Point, 130 Ib; and in the laſt or ſecond weak Point, 
30 Ib. Let us add all theſe Forces together, which will make 347, 
and divide them by 4, and we ſhall have 86 Ib 4; and this gives us 
the Weight that a Man might lift by a Winch, if he could exert 
his whole Force continually without ſtopping to take breath; but 


as that cannot be, the Weight muſt return and over-power at _ 
| | | | fir 
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firſt weak Point, eſpecially when the Handle moves ſlowly, as it Lect. IV. 
mult if a Man would exert his whole Strength all round. Be- — 


ſides, for raiſing ſuch a Weight we muſt ſuppoſe the Man to act 
always along the Tangent of the Circle of the Motion, which 
does not happen in the Operation. Then there muſt be a ſuffi- 


cient Velocity given, * that the Force applied at the ſtrong Points * Ann. 9. 


may not be ſpent before the Hand comes to the weak ones, ſo that 
it is difficult for a Man to continue that irregular Motion; and there- 
fore when there are no other Advantages, the Refiſtance ought to 
be but 30th: and even that could not be ſupported at the weak- 
eſt Point, were it not for the Force remaining from the ſtrong 


Ir two Men work at the End of a Roller or Windlaſs to draw 
up Coals or Ore from a Mine, or Water out of a Well, they may 
more eaſily draw up 70 Ib (ſtill ſuppoſing the Weight and Power 
to have equal Velocities) than one Man can 30 th, provided the 
Elbow of one of the Handles be at right Angles to the other ; for 
then one Man will act at the ſtrong Point, when the other acts at 
the weak Point of his Revolution; by which means the two Men 
will mutually and fucceſſively help one another. The common way 
z to put on the Handles oppolite to one another, which cannot give 
the Advantage above-mentioned ; tho' there is ſome little Force 
gain'd even in that Pofition, becauſe one Man pulling while the o- 
ther thruſts, works at the ſtrongeſt of the two weak Points, whilſt 
the other works at the weakeſt, and ſo helps him a little. 


THERE is indeed a way to make a Man do a third part more 
Work with a Windlaſs when the Motion is pretty quick, as about 


4 or 5 Foot in a ſecond, + and that is by the Application of a Fly, + Ann. g. 


which is a Croſs with Leaden Weights at its Ends, or rather (what 
is much better) a heavy Wheel at right Angles to the Axis of the 
Windlaſs or Roller. By this means, the Force of the Power, which 
the Man would loſe, is kept in the Fly and equally diſtributed in 
all the Parts of the Revolution; ſo that for a little while. a Man 
may act with the Force of 80 Tb, that is, overcome a continual 
Reſiſtance of 80 Ib; and work a whale Day when the Reſiſtance 


is but 40 Ib, ++ 
| Ty Wren: 
++ The Fly may be applied to ſeveral Sorts Power; and is of great uſe in thoſe Parts of 


of Engines, whether moved by Men, Horſes, an Engine which have a quick circular Me- 
Wind or Water, or any animate or inanimate tion, and where the Power or the hae" 
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employed in that Operation; the Muſcles of his Neck, Back and 
Loins keep his Body and Head in the proper Poſition to ſuſtain the 
Weight; thoſe of his Shoulders and Arms help to keep it in its 
Place;"and the Muſcles of the Legs and Thighs raiſe the Weights 
e ea and "Barthen as the Man walks along. In this 
way ot working..three Men do much more than an Horſe, and two 


"oftentimes do as much, nay even more, as may be obſerv'd in the 
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2 3G 


| Lea. IV. Wut x a. Man carries a Weight or a Burthen upon his Back, he 
exerts a great Force very effectually, many Muſcles at once being 


daily Labour bf the Landon Porters *. A Porter will carry 
200 Ib, and walk at the rate of three Miles an Hour: A Coal- 
heaver or Porte that carries Coals, will carry 2 50 Ib, but then 


he dogs notige very far before he lays down his Burthen ; tho 
on the other hand he will often go up ſtairs with that Weight. 


airmen do not act with all the very ſame Muſcles as Porters, 


but as they have Straps brought doun from their Shoulders to 
the Poles of the Chair, the Muſcles of the Lois and Back are 
concern'd, and likewiſe the Extenſors of the Legs and Thighs : Two 
of them will walk very faſt with. 300 Ih (that is, 150 Ib each) at 


leaſt at the rate of four Miles 


act unequally in the different e a 
ation. This has made ſome People fancy, 
that the Ely adds a new Power; fuppoſin 


that a Fly join'd to an Engine that is to move 
round does help to carry it about. But tho' 
it may be ſaid in ſome way to facilitate the 
Motion, by reaſon that it makes it more uni- 
form and equal, yet upon the whole it cauſes 
a Loſs of Power, and not Increaſe. For firſt, 
It requizes a continual Supply. of Power to put 
the Fly in motion to a certain Degree of Ve- 
loci y, and ti keep and maintain it in that Ve- 
locity ; for the Fly has no Motion of its own, 
but What it receives from the impreſs'd Force, 
Secondly, The rubbing and wearing of the 
Tony Gudgeons of the Axis do ſtill hinder 
and ee ther;mpreis'd Motion. And thirdly, 
Thez thro? which the Weights at the Ends 
of the F ly do move, do alſo hinder the Mo- 
tion thro” it, (tho' leſs when the Fly is circu- 
lar; and both theſe Impediments together, if 
the Ely be not ſtill ſupplied with new Power, 
will male it ſtand ſtill and be at Reſt. 

S880 that the Fly can of itſelf add no new 
Power to the Motion of the Engine to which 


it is applied, more than what is received from 


the firlt over that impreſs' d the Motion on 


mg: but loſes even ſome of the firſt Motion. 


ing 


| fer Hour. Whereas a Carrier's 
Horſe, that goes but about 2 Miles per Hour, carries only 224 Ib; 


or 


But the reaſon how it becomes convenient 
and uſeful in many Engines (as we have ſhewn 
in the Windlaſs or horizontal Axis in Peritro- 
chio is this — That, whereas either the 
Powers exerted by the Engine are intermitted 
or unequal, and ſo the Motion is more diffi- 
cult in one part af the Revolution than ano- 
ther, or perhaps the Strength of the Man, or 
any other Power to be ſupplied, cannot be fo 
well applied to one = of the Revolution as it 
can to another: In theſe Caſes the Fly be- 
comes a Moderator, and makes the „lotion 
of Revolution almoſt every where equal, tho' 
the Reſiſtances are unequal, and the Forces 
impreſs d are unequal ; for that t has accu- 
mulated in itſelf a great Degree of Power, 
which it equally and gradually exerts, and as 
equally and gradually receives ; whence mak- 
ing the Revolution- in all Parts pretty near 
uniform, it becomes more pleaſant, eaſy, and 


convenient to be atied and mov'd by the im- 
pelling Force; which is the whole Beneſit 


which is procur'd by this mechanical Engine, 
this way applied. But I ſhall ſpeak of the 
Fly and ſome other of its Uſes in another 
Place, 
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or ſometimes, when the Roads are very good, and the Horſes Le&. IV. 


ſtrong, h xd Ann. 11. 


Mr. Richard Neuſbam Engineer, of Cloth-Fair near Smithfield, 
has contriv'd his Engines to put out Fires in ſuch a manner, that 
part of the Men that work them exert their Force by treading, 
which is more effectual than any other way that Men can work at 
ſuch Engines, the whole Weight of the Body being fucceſlively 

| thrown on the Forces of the Pumps; and even ou of a Man's 
Strength may be added tothe Weight by means of horizontal Pieces, 
to which he can apply his Hands when he is treading : Whereas, 
by applying the Hands to move Leavers or turn Winches, the 
Power muſt act very unequally. This is the Reaſon why with the 
ſame Number of Men he has generally thrown Water farther, 
higher, and in greater Quantities, with the ſame-ſiz d Engines, 
than other Engineers who have tried their Engines againſt his. 

N. B. His Engines have ſeveral Conveniencies peculiar to them, which 
makes them preferable to all others that Jever ſaw for extin- 
guiſhing accidental Fires; but I reſerve their Deſcription for 
another part of my Book. iD 


T x laſt and moſt effectual way of a Man's working, is the Ac- 
tion of rowing; wherein a Man acts with more Muſcles at once for 
overcoming the Reſiſtance, than in any other Poſition ; and as he 


pulls backwards, the Weight of his Body aſſiſts by way of Leaver. 
CORO HE 


FRoM the Conſideration of the ſeveral Ways of a Man's acting in 
the way of Labour, compar'd with the laſt, we may ſee how much 
People are miſtaken who think to row a Galley, Boat or Barge, by 
vertical Oars fix'd on a horizontal Axis like a Mill-Wheel, the 
Men working this Machine by heaving at a Capſtane; or turning 
Winches within the Veſſel. For this will always be bringing the 
Men from eaſier and more effectual, to harder and leſs advantageous 
Work; as has been found by a great many more Engineers than will 
own it, and will be found by all that ſhall ever try it, be the Ma- 
chine made in any Shape whatever, unleſs when the Men work in 
a rowing Poſture. 
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—— A yRonIcIous Force may be exerted by the Muſcles of the 


Legs and Thighs, to raiſe an immenſe Weight a ſmall Height ; but 
as that Operation cannot be continued and brought to daily Labour, 
I refer the curious Reader to the Notes, where that is more fully 
explain'd *: neither do I here take notice of digging, hammering, 
cleaving of Wood, or any of the laborious Operations of Handy- 
craft Trades; becauſe ſome Men are much more dextrous than 
others; and the fame Man by long Uſe becomes ſo perfect in one 
way of working, that by an acquir'd Sleight he ſhall do twice the 
Work that an unexperienced Perſon can do, and yet not employ 
half ſo much Strength. But this is properly Craft, and not Labour, 
which laſt was all I meant to conſider, 


| non ke 
nt ob reals 


I. 


-, 


ANNOTATIONS on LefturelV. 


I. AGE 192 — [Te Friction is equal to about one third of the Annotat. 


Weight, &c.] There are ſome Caſes wherein the Friction does not Lect. IV. 


come up to a third Part of the Weight of the Body which rubs ; wma 


but as in moſt Caſes it does, I choſe to give that Proportion as the Founda- 
tion of the Calculation of the Friction of an Engine compos'd of many 
Parts before we erect it, eſpecially in regard to the Manufactures, becauſe 
the wearing of the Parts of Machines will in time alter their Figure and in- 
creaſe the Friction. And it will be better in Practice to find the Friction 
to be leſs than in the Theory, tho* that ſeldom happens, when calculated 


from a third of the Weight. 


2, [Page 194. It would require one third of the Weight of the Sledge, 
&c.] In the Table of the Frictions of Sledges (Page 203, 204 and 205) 
quoted from Monſ. Camus's Experiments made on ſmall Models, there are 
more Caſes wherein the Friction is leſs, than where it is more, than one 
third of the Weight; but it is to be obſerv'd, that in all his Experiments 
the Sledge is in motion. But as I mention'd in my laſt Note, I rather 
choſe to continue the Proportion of a third on account of Accidents, be- 
ginning to draw from Reſt, and meeting with Rubs and Unevenneſs in the 


Streets, Sc. 


23. [age nt! e cannot expect that any Carriage to bear Weight 
can have ſo little Friction, &c. ——the Manner of remedying Friction, &c.] 
It the Axles in ſome Carriages being made of Iron, and in others only 
clouted (that is cover*d) with Iron, were to run in braſs Boxes fix'd in the 
Naves of the Wheels, they would go ſo much eaſter, and wear ſo much lon- 
ger, without danger of firing, as to make full Amends for the extraordinary 
Expence. Where People are curious and don't value Coſt, as in Chaiſes and 
ſome Chariots, an Iron Axle being leſs in Diameter will have leſs Friction in 
proportion as it is ſmaller, and laſt very long if it turns in Boxes of caſt 
Braſs; but the Gudgeon in the Box muſt be ſufficiently long, which it 
nay be without increaſing the Friction, as has been already prov'd, but 
will be more clearly evinc'd by Experiments made on a Machine which I 


ſhall deſcribe in this Annotation. If the Gudgeons are but two or three 
| | „ | Inches 
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Inches, long as ſome have made them, thinking thereby to diminiſh the 

Friction, they will only wear two or three times faſter than if they had 

been made four or fix Inches long. i 
A Wheel of an Engine whoſe Axis is fix*d to, and turns with, the 


Wheel, may have the Friction of its Gudgeons diminiſh'd in any Propor- 


4P1 18. F. 6. 


＋Pl. 18. F.7. 


+ Page 193, 
194. 


tion. As for Example, under the Iron Gudgeon G g T, which we will 
ſuppoſe here of an Inch in Diameter, let there be two braſs Rollers A, B 


of eight Inches Diameter each, whoſe Axes C, D, are horizontal and pa- 
rallel to the Axis of the Wheel: The Rollers, which conſequently are ver. 


tical (as may be ſeen in Fig. 7. ) ate about an Inch thick, (or more if 
you will) and not in the ſame Plane, but one a little before the other, 


and parallel to it. Upon theſe Rollers is ſupported and turns the Gud- 


geon G g of the great Wheel. In this Caſe the Frictiou of the Gudgeon be- 
comes eight tines leſs than if it mov'd in the common Rraſſes; for if we ſup- 
poſe the Gudgeon to move in the Direction g G, it will not quit the Part 


g of the Wheel A on which it bears, to go to another bearing with its 


touching Part, as happens when it turns and makes a Friction in the com. 
mon way, but it brings along with it the Circumference of the Wheel or 
Roller A, turning it about in the Direction A g, whilſt its other touching 
Part G in its turning does alſo carry round the Roller B in the Direction 
GB; and theſe Rollers wou'd follow that Motion without any Friction, 
were it not for the bearing of their own Iron Axes C, D, in their Braſſcs. 
So that the Friction is transferr*d from the Gudgeon G g to the Axes C, D, 
where the Velocity of the rubbing Parts being eight times ſlower than it 
wou'd have been at Gg, the Friction muſt be eight times leſs, as we have 
+ ſhewn already. Now tho' theſe Rollers have four bearing Points, and the 
other two which ſupport the other Gudgeon of the great Wheel's Axis have 
alſo four bearing Points, the Friction is no greater, than if there was but 
one bearing, becauſe each of theſe Points ſuſtains but an eighth part of 


the Weight. Therefore the Friction is made eight times leſs by means of the/: 


Rollers: which was to be prov'd. 
SCHOLIU M. 


If the Axes of the Rollers are made but of half the Diameter of the 
Gudgeon, as at E and F, then the Friction will be 16 times leſs; and 
yet they will be ſufficiently ſtrong: for as a Cylinder of half an Inch 
Diameter is equal in Strength to the fourth part of one of an Inch, the four 


Ends of the Axis of two Rollers at one End will be equal in Strength to 
the Gudgeon, and ſo at the other End. | | 


COROLLARY. 


Hence follows, that if the Ends of the Axes of the Rollers were each 
of them ſupported by two other ſuch Rollers, the Friction would again be 


diminiſhed 16 times more. Let us for Example ſuppoſe a Wheel to r. [1 
| oot 


—ĩ ü , aGa' ob [ AO ,, r 
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Foot in Diameter, and to weigh 648 lib. the third of that Weight for Annotat. 
Friction is 216 lib. which muſt be divided by 72, beeauſe the Diameter of Lect. IV. 
the Gudgeon is ſo many times contained in the Diameter of the Wheel. 
and we ſhall have 3 lib. for the Friction of the Wheel upon common Braſſes; | 
but this Number muft be divided by 16 times 16, that is, by 256, on 
account of the Rollers bearing on Rollers, which will thus reduce the 


Friction to 2 lib. or little more than one 8 gth part of a Pound, or 3 


Drams of 16 to the Ounce. 3 | 


4. [Page 227. the Friction on the Axle, &c.] Since, we have ſaid 
and already prov'd *, the Friction ariſes from the Weight that preſſes the L. 4 Peg 
Parts together, and not from the Number of Parts that touch; there is no 92. 
Occaſion for ſhortening the Axes of Wheels, either in Carriages or any 


other kind of Wheels, in order to diminiſh the Friction: for that will not 


only fail of the deſir'd End, but make the rubbing Axis wear out much 
faſter; and in Clock-work it is of bad Conſequence, becauſe when the { 
Holes are counter-ſunk to ſhorten the beariug, the Holes ſoon wear too big; 
whereas, if they were made only cylindrical the thickneſs of the Frame- 
Plate, the Friction wou'd be no more, and the Pivots wou'd wear much 
longer : and indeed it is now what all good Clock-makers practiſe; for if 

they counter- ſink, it is but a ſmall Depth to hold Oil. Experiments on 

the following Machine will make this more ſenſible and evident. 


Plate 18. Fig. 8. 


On the flat braſs Plate A B C (which is here repreſented almoſt as big 
as the Machine) are fix*d two upright Plates D and E, with a Slit in one 
of them at D, and a Hole in the other between the Letters K and IL, to 
receive the ſmall Pivots at the Ends of the Axis D K of the Wheels 
Z FLG. But thoſe Pivots, which are but about one 3oth of an Inch in 
Diameter, do not bear on the Hole at K and the bottom of the Slit at D; 
for they are ſupported upon two circular Plates or Rollers at each End of 
the Axis, vix. the vertical Plates M1, M2, M 3, M 4, in the manner 


deſci ib'd in the laſt Note, and repreſented at G g, Fig. 6. + and the Section 1 5l. 18. F. 6, 


of one of the Rollers or Plates is ſhewn by Fig. 7. So that when the 7 
Wheel turns round one way, all the rolling Plates turn the contrary way as 
freely as if the Pivot had been a Pinion, and the Wheels or Plates had been 
tooth*d, becauſe the Axes of the Plates have very ſma!! Pivots which turn 

in very ſmooth Holes, that are made and poliſh*d in the four upright fix*d 
Plates or Cocks NI, N 2, O and P; which laſt Cock has only the Corner of 
its Baſis viſible in the Figure, the Wheel M 2 hiding it in this Situation 
of the Machine. The little Cocks, ſuch as D, d, d, ſerve for the Ends 
of the Pivots to bear againſt (both for the great Wheel and the four lit- 
tle Wheels, there being ten of them, of which only three are viſible here) 
and by that Reſiſtance againſt the Ends, the Shoulders as C C, Fg. 7. pl. 18. F.. 
will never rub at all. | | 
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By this means the great Wheel has ſo little Friction, that if we apply 
a Finger to its Circumference to put it briſkly in motion, any Point of 
its Circumference will go more than the ſpace of, a Mile before the Wheel 
ſtops : for tho' one cannot count the Number of Revolutions of the great 


Wheel by looking at it, yet one may know their Number by looking at 


the Holes which are left in the ſmall Wheels (one in each) for that pur- 
poſe; for they being two Inches Diameter, turn but once whilſt the great 
Wheel (whoſe Pivots give them Motion) turns ſixty times. | | 
The Friction of the great Wheel thus becoming ſo little, as to be ina 
manner inſenſible, it is fit for the Purpoſe intended. Then on the top of 


the Cock or upright Piece QR, ſcrew'd down faſt by its Baſe or Foot Q, 


is faſten'd by a Screw at R one End of the Spiral Spring S 1, S2, 83, 84, 
whoſe other End is faſten'd to the Axis of the great Wheel near S 4. 
Now if the Wheel be made to turn on its Pivots, by bringing the Point Z 
of its Circumference towards the Index Y, which points to Degrees on 
the Edge of the Wheel, (but not repreſented here except by the Dots 
mark'd from Z towards Y) as foon as we let it go, it will return towards Z, 
and make ſeveral Vibrations backwards and forwards, like the Balance of a 
Watch, for a long time: but if any thing bears againſt the Axis H ID, 
which is truly cylindrical and one 4th of an Inch Diameter, then there will 
be fewer Vibrations in proportion to that Friction. Now to ſhew that the 
Friction is proportional to the Weight that preſſes on the Axis, and not the 


Surface, the following Experiments are made. 
EXPERIMENT I. 


Take the Piece of Figure 9 |, weighing half an Ounce (being made in 
the Form. of a flat Croſs, and after filing, ground ſmooth upon an Oil-ſtone 
on the flat Under-ſide of V, with a little Hole at the End T, and a ſmall ſo- 
lid round Piece hanging down at the oppoſite End X) and lay it over the 
Axis of the Wheel betwixt I and D, ſo that the Weight of the hanging 
End X, drawing down the flat V upon the ſaid Axis, makes the End T riſe 
with its little Hole againſt the Point or lower End of the Screw T of the 
Cock iT, which keeps it in its place when the Axis turns round under it; 
then having brought Z to T, or drawn back that Point againſt the Bent of 


the Spring about 9o Degrees, oblerve the Number of Vibrations that the 


pl. 18 F.$. 


＋ Pl. 18. F. 10. 


Wheel makes before it ſtands ſtill by the Friction of the Croſs, in the Situa- 
tion repreſented by faint Lines, at T V X, Fig. 8.* Suppoſe the Number 
of the Vibrations be 50; then let the Croſs of Fig. 10 f, be put on in 
the ſame manner and at the ſame time uſt by the other, and kept in its 
place by the bottom of the other Screw 7; as it is exactly the ſame in Figure 
and Weight as the firſt Croſs, and it will add as much more to the Friction 
of the Axis, the Weight preſſing as well as the Surface rubbing being dou- 
led; which appears by giving Motion to the Wheel as before, becauſe 
then tie Number of Vibrations will be but 25. 
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| Annotat. 
ExXPERTMENT I. | Lect. IV. | 


+ Sana: 7 
won «rt r 


Inſtead of the two Croſſes abovementioned, put on the Croſs of Fig. 11 — {1 
* which weighs one Ounce (that is, as much as the two others) but has Fl. 18. F. 11. i? 
the Surface under V exactly ſmooth'd and poliſh'd like the others: Then ih 
put the Wheel in motion as before, and the Vibrations will be but 25 in i4 
Number, tho? the Surface rubbing 1s but half, becauſe the Weight is the 4 


ſame. And this is further prov'd by | 
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| EXPERIMENT: ML 
In which, the Piece X muſt be unſcrew'd from its Place, and ſcrew'd a- 


gain in the ſame Hole on the other ſide of the Croſs, to bring the little Flat iq 
of the Priſm at V to bear upon the Axis of the great Wheel inſtead of the 1 
broad Part of the Croſs. Then alſo will the Wheel loſe its Motion after [ 
25 Vibrations, tho' the bearing Surface be above twenty times leſs than 4 
when both the firſt Croſſes were on; becauſe the Weight is the ſame. | | + 

5. [Page 242.—Should alter the manner of working, &c.——inſtead of n= 
gaining an Advantage, he muſt call in more Men to perform the Work. 5 

Some have endeavour'd to render this Engine more uſeful, by cauſing it : = 
to roll upon an inclin*d Plane inſtead of making it riſe directly up in the * 
manner deſcrib*d, and condemn'd in my Account of it. 1 thought proper 3 
to ſhew here, what muſt be the Loſs of the Power in proportion to the | 
Inclination of the Plane. | | | | | 

I ſay therefore, That in every Inclination of the Plane, if the Sine of 'Y 
the Angle, of Inclination be taken in Parts of the Radius of the Axle, or N 
Roller, The Power will be to the Weight : : as the Radius of the Roller + . 
the Sine of Inclination : to the Radius of the Wheel, — the ſaid Siue of 3 
Inclination; that is, in the Fig. P (SI): W (= 3): :dk: ak. Þ Plate pl. 20. P. 10 i 
20. Fig. 10. | . Ki | 

In the preſent Experiment BE is an inclin'd Plane, on which the Roller 3 
C is to roll up, touching the ſaid Plane at the Point c; A M is the _— 
Wheel behind that Plane; another ſuch Plane, and equally inclin'd, being 3 
alſo ſuppos*'d behind the Wheel, to ſupport the other End of the Roller. | | = 

The Lines of Direction of the Power and Weight being aPand d W; | bi 
through the Point of Contact or Center of Motion c, draw A D parallel 9 
to the Horizon, and perpendicular to a P and 4 W; through the Center 55 
of the Engine C, draw à d parallel to A D. Suppoſe the Angle Bc A of 8 1 
the Plane's Inclination to be 300, the right Sine will then be equal to half . 
the Radius; therefore dividing C 2 (the Radius of the Roller) into two | 1 
equal parts at &, if you draw kc and Cc, the Angle &c C will be equal J 
to Bc A, and its Sine will be CE. Now ſince it is evidently the ſame A 
thing to make uſe of a d for a Lever, whoſe Center of Motion is at &, J 
as of A D equal and parallel to it with its Center of Motion at c; it A 
follows, that, in this Inclination of the Plane, the Diſtance of the Weiglit 4 
dis greater than 4 C (the Diſtance of the Weight in the common Uſe *» 
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this Engine) by the Addition of this Quantity C &, the Sine of the Angle 
of Inclination ; and & 4, the Diftance of the Power, is leſs than Ca (the 
Diſtance of the Power in the common way) by the Subtraction of the 
ſaid Quantity or Sine C &: conſequently that on an inclin'd Plane, the 
Power is to the Weight:: as Dc: toc A. 2, E. D. | 


COROLLART I 
Hence it follows, that the Radius of the Wheel, and the Radius of 


che Roller being given, the Loſs of Power may be found in any Inclina- 
tion of the Plane. Thus, as here the Power, which in the common way 


wou'd be but one 5th of the Weight, muſt be one 3d part of it; ſo if the 
Angle of the Plane*s Inclination was but 11? 32!, the Power wou'd be one 
4th of the Weight, c. | | 


COROLLARY Ti. 


Hence follows alſo, that if the Plane B E be eine. no Force of 
the Power will be loſt, becauſe cg: f:: CG: CF. | 


SCHOLIUM. 


As the Friction of the winding of the Ropes, ſuch as Bec in the new 
Way, is greater than the Friction of the Pivot in the old Way (beſides 
the Friction of the Collars of the Counterpoiſe to the Engine) ſo that 
Friction diminiſhes, as the Ropes bear leſs Weight, according to the Di- 
minution of the Angle of the Plane; and when the Plane is horizontal, 
and without a Counterpoiſe, even then the winding up of the Ropes, and 
Preſſure of the Roller againſt the Plane, is equal to the Friction in the 
common way. | = | 

N. B. I made the Experiment with Pivots twelve times leſs in Diame- 
ter than the Roller, and fine pliable Silk inſtead of Ropes, 


6. [Page 253.—Five Men are equal in Strength to one Horſe, &c.] Such 
Engliſh Authors as have compar'd together the Strength of Men and 
Horſes at a Capſtane, have found their Forces to be in that proportion, 
as Sir Jonas Moore and others, c. But the French Authors always 


make an Horſe equal to ſeven Men; which I believe to be according to 
their Obſervations. Nay, and I have obſerved the Labourers in Holland (one 


with another) to work with a Force pretty near in that Proportion. So 
that we may ſay, —That five Exgliſb Labourers are equal to an Horſe, and 
only ſeven French Men or as many Dutch Men. But here we do not at all 
conſider Skill, or Sleight, which make a Man of the ſame Strength do 
much more than another. But in Turkey the Porters will carry twice 
more than the ſtrongeſt Engl Porters, as we ſhall more particularly conſider 
in the next Note. yo 
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5. [Page 258,—4 prodigious Force may be exerted, &c.] About 30 Years Annotat. 
ago one Joyce, a Kentiſh Man, famous for his great Strength (tho* not Lect. IV. 
quite ſo ſtrong as the King of Polana, by the Accounts we have of that Prince) LY 


ſhew'd ſeveral Feats in London and the Country, which fo much ſurpriz'd 
the Spectators, - that he was by moſt People call'd the ſecond Sampſon. 
But tho' the Poſtures which he had learn'd to put his Body into, and found 
out by Practice without any mechanichal Theory, were ſuch as would make 
a Man of common Strength do ſuch Feats as would appear ſurprizing to 
every body that did not know the Advantage of thole Poſitions of the 
Body; yet no body then attempted to draw againſt Horſes, or raiſe great 
"Weights, or to do any other thing in Imitation of him; becauſe, as he was 
very ſtrong in the Arms, and graſp'd thoſe that try*d his Strength that way 
ſo hard, that they were oblig*d immediately to deſire him to deſiſt, his 
other Feats (wherein his manner of acting was chiefly owing to the me- 
chanical Advantage gain'd by the Poſition of his Body) were intirely at- 
tributed to his extraordinary Strength. | 

But when he had been gone out of England, or had ceaſed to ſhew his 
Performances, for eight or ten Years ; Men of ordinary Strength found out 
the Way of making ſuch Advantage of the ſame Poſtures as 7oyce had put 
himſelf into, as to paſs for Men of more than common Stiength, by 
drawing againſt Horſes, breaking Ropes, lifting vaſt Weights, Sc. (tho? 
they cou'd in none of the Poſtures really perform ſo much as Foyce ; yet 
they did enough to amaze and amuſe, and get a great deal of Money) fo 
that every two or three Years we had a new /econd Sampſon. 

About 15 Years agoa German of middle Size, and but ordinary Strength, 
ſhew*'d himſelf at the Blue Poſts in the Hay-Market, and by the Contri- 
vances above mention'd, paſs'd for a Man of uncommon Strength, and got 
conſiderable Sums of Money by the daily Concourſe of Spectators. Af- 
ter having ſeen him once, I gueſs'd at his manner of impoling up- 
on the Multitude ; and being reſfolv'd to be fully ſatisfied in the Matter, 
took four very curious Perſons with me to ſee him again, vix. the Lord 
Marquis of Tullibardin, Dr. Alexander Stuart, Dr. Pringle, and a me- 
chanical Workman, who uſed to aſſiſt me in my Courſes of Experiments, 
We placed our ſelves in ſuch manner round the Operator, as to be able to 
obſerve nicely all that he did, and found it ſo practicable, that we per- 
form'd ſeveral of his Feats that Evening by ourſelves, and afterwards I 
did moſt of the reſt as ſoon as I had a Frame made to ſit in to draw, and 
another to ſtand in and lift great Weights, together with a proper Girdle and 
Hooks. I likewife ſhew*d ſome of the Experiments before the Royal Society; 
and ever ſince, at my Experimental Lectures, I explain the Reaſon of ſuch 
Performances, and take any Perſon of ordinary Strength that has a mind to 
try, who can eaſily do all that the German above mention'd uſed to do, without 
any Danger or extraordinary ſtraining, by making uſe of my Apparatus for 
that Purpoſe. I don't hear that any of theſe Sampſons have attempted ſince 
to impoſe upon People in the ſame manner in or near London. 
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But now it will not be improper to mention what were the Feats of 


Lect. IV. Strength which the German uſed to perform (for I never ſaw Joyce) and to 


— mm 


* Pl. 19. F. 1. 


between his Legs and thro' a Slit of the Prop at L, and ſeveral Men at 


＋ Pl. 19. F. 3. 


Pl. 19. F. 4. 


F Pl. 19. F. 5. 


1 PI. 19. F. 6. 


ſhew, from the Make of the human Body, how eaſily any one may do the 
lame. - h | ; | 

1ſt, The ſtrong Man IH L on the Frame AGBEF CD fat upon an 
horizontal Board, or rather inclining backwards as F G, * with his Feer 


againſt an upright immoveable Prop as D C F counterbrac'd at E, with a 


ſtrong Girdle H round him a little below his Hips; to the Iron Rings of 
which Girdle was faſten'd a Rope by means of a Hook. The Rope went 


M N, or two Horſes could not by their pulling, move him out of his 
Place. . 

N. B. His Hands at K ſcem'd to pull, but were of no Advantage to him : 

nay, bad he lifted the Rope ever /o little with them, it would have been a 

Di ſadvantage: and ibo the Board on which he fat was (when I ſaw 


bim) in the horizontal Poſition F P, it is much better and leſs dangerous 


zo have it inclin'd as F G, and only an Hole at L for the Rope to run 

thro* inſtead of an opening from L up to D, as I. ſhall ſbecv in explaining 

this Operation. | | | 
2dly, The fame Man I HL Þ having fix*d the Rope above mentioned 

round a ſtrong Poſt at R, and then paſs'd it thro? a fix*d Iron Eye at L, 


fix'd it to his Girdle, and ſetting his Feet againſt the Poſt near the ſaid Eye, 


rais'd -himfelf from the Ground by the faid Rope; which he broke by 
tuddenly ſtretching out his Legs and fell backwards on a Feather Bed at 
B, laid on the Ground to catch him, that his Fall might not hurt him. | 

gay, He lay down on the Ground in the Poſture I H L*, with an An- 
vil K H on his Breaſt at H, upon which another Man M hammer*d with 
all his Force the Iron K with a Sledge Hammer; and ſometimes two 
Smiths cut a great cold Iron Bar in two with Chizzels. Sometimes a 

great Stone, of which the half is ſeen at S, was laid upon his Belly and. 
broke with a Blow of the great Hammer. But he had the Stone broke 
upon his Belly in the Poſture of Fig. 5. which is much leſs dangerous 

when nothing is under the Back, than when a Man lies upon ſolid Ground, 

as we ſhall ſhew. 


4thly, The pretended Sampſon puts his Shoulders (not his Head, as he 
uſed to give out) upon one Chair and his Heels upon another, and ſup- 


ports one or two Men ſtanding upon his Belly, raiſing them up and down. 


as he breathes, making with his Back-bone and Thighs and Legs the Arch. 


I H L +, whoſe Abutments are at I and L. | 
N. B. The Stone of one and a half Foot long, one Foot broad, and five or 
fix Inches thick, is laid on at H when it is to be broken by a Blow of a 


Hammer. 


£hly, He lies down on the Ground in the Poſture I L H *, and the 


Man M ftanding upon his Knees, he draws his Heels towards his Breech, 
and fo raiſes his Knees over C, and lifts up the Man gradually, till having 


brought his Legsperpendicularly under the Man, as in Fig. 7. he _ 
| 1 13 
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his own Body up, and putting his Arms about the Man's Legs, riſes with Annotat. 
him and ſets him down on ſome low Table or Eminence about the Height Lect. IV. 
of his Knees: and this he ſometimes does with two Men; which is no 


difficult Performance. 


6:hly, He ſtands in the Frame ABCDEF®, and pretends to raiſe up, * Pl. 


but does really ſauſtain, a Cannon C laid on the Scale 8, the Ropes of the 
Scale being fix*'d to a Rope or Chain LH, hanging at his Girdle H, his 
Aſſiſtant knocking away the Rollers R, r, from under the Scale, when once 
he has fix*d himſclf ſo as to have his Ropes tight, and his Legs and Thighs 


quite ſtreight. | 
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N. B. It is very near as eaſy to break the Rope with the Eye L fix'd Pl. 
into the Ground or Floor by means of the Girdle H, 4 Fig. 1. as in Pl. 


the manner repreſented in the * third Fig. of Plate 19. But he never 
tried it that way; becauſe it is ſo obvious, that ſeveral People would im- 
mediately have tried it too, and would find that there is no difficulty in 
breaking the Rope thus, as I have often done it; but by making the Fall 
zackwards ſeem neceſſary in the Operation, few Perſons care to try it this 


W 


IP 1 


ay. | 
The ＋ 4th Figure repreſents the Girdle made of ſtrong double Horſe + Pl. 20. F.z, 
Girt, with ſtrong Iron Loops at G and R. The Hook is feen at Fig. 5; 4, and 5. 


and the Poſition of the Iron Eye at Fig. 3. where you may obſerve that 
the Edge of the Eye, and not the open part, is towards the Poſt, ſo that 
the Rope does not eaſily ſlip thro? the Hole, but jams or ſtops in it, where- 
by the whole ſtrength of the Man's Effort acts upon one part of the Rope, 


and ſo it is eaſily broke. | 
The Man likewiſe uſed to take a flat Piece of Iron of the Figure mark'd 


7 *, and twiſt it into a Screw, But his manner of doing it, made it very Fl. 20. F., 
eaſy ; for he firſt bent the Iron to a right Angle, as at Fig. 8. then wrap- 8, and 


ping his Handkerchief about the broad flat upper End of the Iron, he 
held that End in his left Hand, and with his right Hand applied to the 
other End twiſted about the angular Point, as in Fig. g. | f 
N. B. My Lord T ULLIBARDIN foot one of his Irons and did the ſame 
thing before him; and indeed what was harder, for he untwiſted one of 
the Irons that the Man had twiſted. 
In order to explain how the abovemention*d Feats may be perform'd 


by Men of no extraordinary Strength, I have in the 6th Figure * drawn = Pl. 20. P. 6. 


the lower part of a Skeleton, containing ſo many of the Bones of the hu- 
man Body as are concern'd in theſe Operations, making the Figure pretty 
large, to ſhew the better how the Girdle is to be applied. | 

The Bones mark'd, I SAP AI (a) which compoſe the Cavity call'd the 
Pelvis, contain a bony Circle or double Arch of ſuch Strength, that it 
wou'd require an immenſe Force to break them by an external Preſſure di- 

| M m 2 | | rected 

(a) Theſe Bones are thus diſtinguiſh'd by and turns reund, being held by a ſtrong Li- 
Anatomiſts. 8, the Os Sacrum ; Il, the /ium; gament in its middle: theſe Parts of the Bone 
AA, the Os 1/chium ; whoſe ſtrongeſt part has on that join together before betwixt A A and a- 
each Side an hemiſpherical Concave, in which bove P are call'd the Os Pubis or Oſa Pubis. 
the round Head of the Thigh-Bone is receiv'd | | 
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rected towards the Center of the Circle, or the middle of the Pelvls. It 
is alſo to be obſerv*d, that thoſe Parts of this bony Circumference, which 
receive the Heads of the Thigh-bone above, at, and below A, call'd the 
Iſchium or Coxenaix, are the ſtrongeſt of all, ſo that a very great Force may 
puth the Heads of the Thigh-boncs upwards (or, which is the ſame thing, 


the upper Parts of the Coxendix downwards) or towards each other in a 


lateral Direction from A to A, without doing any Hurt to the human Body. 


Now if the Gi-dle above deſcrib'd be put round the Body in the man- 
ner repreſented in the Figure, and be drawn downwards at G, by a great 
Weight W, it will preſs on the Os Sacrum behind, and the [//um ; then it 


will by its Preſſure on J T, the great Trochanters of the Thigh-bones, 


drive the round Heads the taſter into their Sockets, ſo as to make them 
leſs liable to ſlip out and ſtrain the Ligament by a Puſh directed upwards, 
So that the ſemicircular Part of the Girdle T CSC T preſſes together the 
bony Arch denoted by the fame Letters, which according to the nature of 
Arches, is the ſtronger for that Preſſure. The Abutments of the Arch 
cannot come nearer together by reaſon of the Reſiſtance of the ſtrong Bones 
A PA, neither can they fly outwards, becauſe the Girdle keeps them to- 
gether. Then the Thighs and Legs T DB are two ſtrong Columns, capa- 
ble of ſuſtaining four or five thouſand Pounds at leaſt, provided they ſtand 
quite upright. The Muſcles here are put to no Strain, being no farther 
concern*d than to balance each other; that is, the antagoniſt Muſcles, 
Extenſors and Flexors only keep the Bones in their Place, which makes 
them reſiſt like one entire Bone form'd into an Arch. | | 

This ſhews how eaſily the Man of Fig. 2. may ſuſtain a Cannon of 
two or three thouſand Pound Weight. The ſame Solution will alſo ſerve 
for the Reſiſtance of the Man of Fig. 1. Plate 19. F whom five Men (nay 
ten Men or two Horſes) cannot pull out of his Situation when he ſits fo as to 
have his Legs and Thighs in the horizontal Line P F, or in a Line in- 
clining downwards towards A: for then, tho? there is a difference in the 
fitting Poſture from the ſtanding Poſture before deſcrib'd, yet by reaſon 
of the Mobility of the Heads of the Thigh-bones in the Acetabuia or Ca- 
vities of the Coxendix, the Arch 1s the fame and as ſtrong as before, its 


Abutments being equally ſupported by the Legs and Thighs, Ir is only 


the bending of the Back-bone above the Girdle to bring up the Body 
which makes the difference of Poſition in the Man, tho* not ſenſibly 
in the reſiſting Parts. The Impoſſibility of overcoming the Reſiſtance of 
the Man that ſits with the Girdle about him, without cruſhing his Legs 
and Thighs end-wiſe into one another, depends upon what has been ſaid 
in the * fifth Note of the third Lecture (Page 149) where we have ſhewn 
that a Power acts ineffectually upon a Leaver, when it draws it againſt the 
Center of Motion. This will be further explain'd by the 2d Fig. of Plate 
19, * where the Leaver H L, whoſe Center of Motion is at L, repreſents the 
ſtrong Man's Legs and Thighs, the Power of the Men or Horſes pulling at 
M, being applied at H, and drawing in the Direction H L. The ſame 


will happen when the Leaver is in the Poſition h L; but if the Man _ 
| Ut 
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ft with his Ereech higher than his Feet, ſo as to have his I c95 and Annorar. 
Thighs in the Foſition of the Leaver þ L., MI, the Line of Direction Lect. IV. 
of che Power wou'd make with the Leaver the Angle 15 L, whoſe Sin. 
being JL, would reduce the Action of the Power to the ſame thing as if 


the Weiglit of the Man was ſuſpended at h the long Brachium of a bend- 


ed Leaver L and the Power ſhould draw at the Point /, by the ſhort 
Brachkium l L. Then if the Power was to the Weight in a Ratio ſomething 


greater than that of þ/to / L, the Man wou'd be pul.*d upwards in an Arc 
whoſe Center is at L, his Reſiſtance decreaſing continually ; becauſe then 
only his Weight would act againſt the Power, by the help of a Leaver 
wich in its Motion would continually increaſe the acling Diſtance of the 
Power, and diminiſh that of the Weight. Now as this may happen to 
Man fitting upon a horizontal Board, if his Girdle be a little too high, 
or he be pull'd on the ſudden, before he is rightly fix*d and his Legs 
and Thighs are in their due Poſition; I would always adviſe that the Board 
ſhould recline in the manner FG, “ to prevent ſuch a Surprize, which can 
hardly happen then, becauſe the Point H muſt rife quite above the Line 
LP before the Power can gain any Advantage. Nay, for greater Security, 
inſtead of the ſlit DL (or LI Fig. 2.) I uſe only an Hole at L, for 
the Rope to paſs thro*, and always be between the Legs and Feet. 

I have obſerv'd the pretended Strong Man ſometimes to have a ſhort ſtrong 
Stick of about a Foot long tied to the Rope at K, that in caſe of a Sur- 
prize, that Stick might Stop againſt the Props D and C, ſo as to prevent 
his being drawn any farther forward in ſuch a Caſe; and then he held the 
Stick in his Hands, pretending to pull with his Hands to make the Trick 
appear the more ſtrange. | 

But in breaking the Rope the Muſcles muſt act in extending the Legs; 
and that we may the better explain that Action, we muſt conſider a Man 


breaking the Rope as repreſented in the firſt Fig. of Plate 20. * that way = pl. -o.F.:. 


being more ſimple than when it is broken in manner of Fig. 3. Plate 19. F. pl. 19.F. ;. 


The Rope being faſten'd to a Poſt at P, or any other fix*d Point, is 
brought thro* an Iron Eye L to the Hook of the Girdle H of the Man 
HI, and fo fix'd to it by a Loop, or otherwiſe, as to be quite tight, whilſt 
the Man's Knees are fo bended as to want about an Inch of having his 
Legs and Thighs quite upright. Then if the Man on the ſudden ſtretches 
his Legs and ſets himſelf upright, he will with Eaſe break the very fame 
Rope which held two Horſes exerting their whole Strength when they 
craw againſt him; ſuch as a Cart Rope, or a Rope of near three quarters 
of an Inch diameter, which may be broken by a Man of middling Strength, 
by the Action of the ten Muſcles (a) that extend the Legs, five belong- 


ng to each Leg. | 
pe If 


(a) The five Muſcles that extend each outer and the foreſide of the Tibia and Fibula. 
Leg are deſcrib'd by the Anatomiſts. Their 2. The Re&us ſpringing from the lower part 
Names are, 1. Membrano/us, arifing from the of the Spine of Os Iliam, and inſerted alſo 
upper part of the Spine of the Os Ilium, and a little below the Knee into the foreſide of 
wnterted a little below the Knee into the tlie 
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If the Rope is ſtrong enough to bear 1800 lib. but will break by hang 


ing a little more Weight to it; two Horſes, or ten Men, cannot break it 
by fair pulling or drawing againſt the fitting Man of Fig. 1. Plate 19. * 

For an Horſe in common hard Work of ſix Hours a Day can only pull 
240 lib. F he cannot draw more than double that Weight when he is 
whip'd and exerts himſelf; fo that two Horſes, or ten Men, equivalent 


to them, cannot with a Jerk draw above 1000 lib. whereas the Rope has 


been ſuppos*d ſtrong enough to ſuſtain 1800 lib. and yet it may be broken 
by an ordinary Man in the Poſture of Fig. 1. Plate 20. *. Neither need 
we wonder that the Muicles Extenſors of the Legs ſhould exert fo much 
Force, when we conſider their Bigneſs and Lengtn; eſpecially if we com- 


pare them with the four Muſcies that pull up the lower Jaw-bone (which 


tho? they all four do not weigh a Pound} yet enable ſome Men to crack an 
Apricot or a Peach-ſton:, which could not be broken without an immenſe 
Weight. + See tie 6th Note of our third Lecture, from Page 158 to 
Page 164; or more fuliy to ſatisfy one's Curioſity, one may conſult Borelli's 


Book de Motu Animalium, where he has ſhewn the particular Strength of 


the Muſcles. 

The manner of breaking the Rope, as repreſented in * Fig. 3. of Pl. 19. 
tho? more troublelome, is alſo more effectual for breaking the Rope, than 
that which we have been deſcribing ; for the ſame Man may break a Rope 
in this Poſition, which he cannot break in the other. To underſtand this 
we muſt obferve, that the Man takes the Rope ſo ſhort, that when he 


climbs up againſt the Poft, if the Eye L (thro* which the Rope paſſes) 


be between his Toes, his Heels being lower at T, when his Knees are 
ſtreight, the length of his Legs and Thighs T H is greater than the 
length of the Rope and Girdle from L to N; ſo that we may conſider in 
the Man and Rope the Triangle /h 7 drawn below the Man in the Figure; 
the Side Jh, repreſenting the Length of the Rope and Diameter of the 
Girdle; the Baſe /z7, the Man's Feet; and the longeſt Side 7 h the extend- 
ed Limbs or the Legs and Thighs when ſtreight. Now in the Rotation 
of the long Sides of this Triangle, when the Side /h comes to be horizon- 
tal at Ir (moving in the Arc hr round the Center /,) the Side 7 h will be 
in the Situation 7 þ (as it moves round the Center F in the Arc hg) and 
conſequently cither the Rope muſt ſtretch from r to &, or the Point h, by 
the-bending of the Knees muſt be brought nearer and come to r ; or elle 
the Rope mult break, which is what will happen, eſpecially when we con- 
ſider that the lower the Body (with the Limbs ſtiff) comes down round 


the Heels for the Center of Motion, the greater will the Diſtance r + be, 


as we may ſee a little lower at 7 5; ſo that if the Rope did ftretch a little 


or 


at firſt, it muſt break at laſt, and the Man fall down upon theFeather-bed, | 


the Tibia. 3. The Vaftus Externus, ſpring- leſſer Rotator, and likewiſe is inſerted a little 
ing from the Root of the greater Rotator, and below the Patella 5. The 5th is the Curtus 
inſerted a little below the Patella, near the ſpringing from the forepart of the Thigh- bone, 


ſame Place with the former. 4. The Vaſus between the two Rotators, and ending in the 


internus, Which ariſes from the Root of the ſame place with the former. 
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or other ſoft Body to receive him, at B. For if the Man finds that the 
Action of the Muſcles Extenſors of the Legs does not break the Rope, 
he can in this Poſition eaſily add the whole Weight of his Body with a 
Swing and a Jerk, as he throws himſelf backwards, 

The Poſture of Fig. 4. Plate 19. (where the ſtrong Man Having an 
Anvil on his Breaſt or Belly, ſuffers another Man or two to {trike with a 
Sledge Hammer and forge a Piece of Iron, or cut a Bar cold with Chiz- 


zeis) tho? it ſcems ſtirprizing to ſome People, has nothing in it to be really. 
wondet'd at; for ſuſtaining the Anvil is the whole matter, and the hea- 


vier the Anvil is, the leſs are the Blows felt: and if the Anvil was but two 
or three times heavier than the Hammer, the ſtrong Man would be kill'd 
by a few Blows. This would be eaſily underſtood by calling to mind what 


we have faid in the ſecond Lecture; for the more Matter the Anvil has, 


the more Inertia and the leſs liable it is to be ſtruck out of its place; becauſe 
when it has by the Blow receiv'd the whole Momentum of the Hammer, 
its Velocity will be ſo much leſs than that of the Hammer as it has more 
Matter than the Hammer. Neither are we in that Caſe to attribute to 
the Anvil a Velocity Jeſs than the Hammer in a reciprocal. Proportion of 

their Maſſes or Quaatities of Matter; for that would happen. only if the 


Anvil was to hang freely, in the Air (for example) by a Rope, and it. 


was ſtruck horizontally by the Hammer; but the Reſiſtance of the Ribs 
which make an Arch under it, will ſtill diminiſh that Velocity: So that if 
the Hammer ſtriking the Anvil when hung freely, could make it move an 
Inch out of its Place, by putting a Reſiſtance behind it equal to the Weight 
of the Anvil, it would move but half an Inch, and but a quarter of an Inch 
if that Reſiſtance was double, Sc. Thus is the Velocity given by the 
Hammer diſtributed to all the Parts of a great Stone, when it's laid upon 
the Man's Breaſt to be broken; but when the Blow is given, the Man feels 
leis of the Weight of the Stone than he did before, becauſe in the Re- 
action of the Stone, all the Parts of it round about the Hammer riſe to- 
wards the Blow; and if the Tenacity of the Parts of the Stone, is not 
ſtronger than the Force with which it moves towards the Hammer, the 
Stone muſt break; which it does when the Blow is ſtrong, and ſtruck upon 
the Center of. Gravity of the Stone. 


N. B. That the Parts of Bodies ftruck move towards the Blow, is a Con- 


ſequence of a Law of Nature, the Explanation of which here fol- 


lows. 
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The common Experiment of laying a Stick with its Ends upon two 


drinking Glaiſ-sfuil of Water, and ſtriking the Stick downwards in the 
middle, with an Iron Bar, ſo as to break the Stick without breaking the 
Glaſſes or ſpilling the Water, plainly proves the Fact; and the Obſerva- 
tion of what happens in the Experiment, ſhews it to depend upon the firſt 
Law of Nature (Page 293.) For if the Glaſſes A, B, * have upon ON 
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Brims the Stick A B, whoſe Center of Gravity at C, is ſtruck by a Bar, 
whoſe Section is ſeen at C, the Stick, by the firſt Law, endeavouring to re- 
main in its Place of Reſt, has only its Tenacity to reſiſt the Blow of the 
Bar, which breaks the Stick by the Time it is got to c; and now the two 
Parts of the Stick muſt be in the Poſicion c and c 5, and ſtill riſe, turn. 
ing towards C; for M, m, the Centers of Gravity of the two Parts of 
the Stick endeavouring to remain in their reſpective Places, become the 
Centers of Motion of thoſe two Sticks; whence it happens, that as by the 


Continuance of the Stroke, they are both puſh'd downwards at c, their 


Ends @ and 4 muſt by a cicular Motion be carried upwards and to- 


wards C. f 


This is confirmed by making the Experiment the contrary way ; for if 
you ftrike the Stick upwards in the Direction c T, you will break the 
Glaſſes, if the Blow be ſtrong ; and if the Blow be not very quick, yet you 
ſpill the Water. l 


7 


There is alſo another Experiment, which makes this very evident. 


Let the Circle or Hoop of Lead AB C “* be hung up by the String 
S G, and then ſtruck by the Bar above-!nention'd at the Point B, in an ho- 
rizontal Direction; the Effect will be, that the Ring will change its Fi- 
gure from the Circle AB C D E F to the irregular Oval As Ch De Fg; 
ſo that not only the Parts of the Ring at A and C come towards the 
Blow, while the Bar B (repreſented by its ſquare Section) moves from B 
to &, but alſo the fartheſt Part of the Ring E comes forward to e, the 
Points A, C, F, D, becoming Centers of Motion for the Arcs (or Qua- 
drants) BG, BH, E G and EH, to be put into the Poſitions 4 g, bb, 
eg and eb, in which Cafe they muſt alter their Figure, becauſe they are 
not ſeparated from one another at the Points B, H, E, G, c. 


I ſhould be too tedious to be as particular in my Explanation of the o- 
ther Feats of Strength as I have been in theſe above-mention'd. There- 


fore I will only lightly conſider the following ones; eſpecially, ſince the 


Principles already explain'd in the Lectures paſt, and the Conſiderations 
juſt mentlon'd, will enable any one eaſily to diſcover the Reaſon of all ſuch 
Performances. | 

In the 5th Fig. of Plate 19. + the Man THL (the Chairs I, L, be- 
ing made fail) makes ſo ſtrong an Arch with his Back-bone and the Bones 
of his Legs aud Thighs, as to be able not only to ſuſtain one Man, but 


three or four, if they had room to ſtand; or, in their ſtead, a great 


Stone to be bruken with one Blow. 


In the 6th and 5th Figure of the ſame Plate , a Man or two are rais d 
in the Direction CM, by the Knees of the ſtrong Man I H L lying ** 
| His 
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his Back. Now we muſt obſerve that the five Muſcles (a) which bend the Annotat. 
Legs (tho* weaker than the Extenſors, becauſe they are not to carry the Lect. IV. 
Body in our common Motions) act with their greateſt Force at the Begin 


ning of this Operation, as all Muſcles do when from their full Extent they 
begin to contract; and to relieve them in their Action, as the Heels come 
forward from the Point L, they ſtop againſt the Ground, and keep the Body 


273 


M in the place which it is riſen to : So that the Action of theſe Flexors is re- 


iterated, and they have time to be recruited with freſh Spirits (or whatever 
Fluid is the firſt Cauſe of their Inflation ;}) and when they are ſo far con- 
tracted as to act more weakly, the Preſſure of the Weight affects them leſs 
and leſs, the Bones ſupporting more of the Weight as they become more 
perpendicular, and conſequently the Muſcles have leſs occaſion to act. See 
Fig. 7. * The reſt of the Performance, viz. of ſetting the Man M upon 
a Table, is very eaſy and obvious, the ſtrong Man having now only his 
own Body to lift up, which he helps by putting his Hands round the Man's 
Feet or Hams, and in raiſing himſelf up, rather puſhes him off of his 


own Knees than lifts him up upon a Table placed at N at Arms ends, as 


he pretends. F | 
In breaking the Rope one thing is to be obſerv'd, which will much faci- 


litate the Performance; and that is to place the Iron Eye L *, thro? * Pl. 20. F.z, 


which the Rope goes, in ſuch a Situation, that a Plane going thro? its Ring 
ſhall be parallel, or nearly parallel to the two Parts of the Rope ; becauſe 
then the Rope will in a manner be jamm'd in it, and not ſlipping through 
it, the whole Force of the Man's Action will be exerted on that part of the 
Rope which is in the Eye, which will make it break more eaſily than if 


2%. 19. F.7. 


＋ Pl. 19. F. y. 


- 


more Parts of the Rope were acted upon. So that the Eye, tho* made 


round and ſmooth, may be ſaid in ſome meaſure to cut the Rope. And it 
is after this manner that one may break a Whip-cord, nay, a ſmall 
Jack-line with one's Hand without hurting it; only by bringing one 
part of the Rope to cut the other; that is, placing it ſo round one's left 
Hand, that by a ſudden Jerk, the whole Force exerted ſhall act upon one 
Point of the Rope. See the 11th Figure of Plate 20 F, where the Cord, 
to be broken at the Point L in the left Hand, is mark*d according to its 
Courſe, by the Letters RT SLMNOP Q. folding once about the right 
Hand, then going under the Thumb into the middle of the left Hand; 
where croſſing under another Part, it is brought back under the Thumb a- 
gain to M, then round the back of the Hand to N, ſo thro* the Loop at 

| E 


(a) The five Muſcles that bend the Legs the Knob of the Jchium, turning into a round 
are theſe : 1. The Longiſſimus, or Faſcialis, a- Tendon under the Ham, and inſerted alſo into 


riing from the inner Knob of the Os Ilium, 
and a little above the Knee ending in a Ten- 
don; which is inſerted under the Knee, into 


the fore and inner Side of the Tibia. 2. The 


Gracilis ſpringing from the jointing of the Os 

Pubis, and inſerted by a ſtrong Tendon a lit- 

tle lower than the former, in the inner Side of 

the Tibia. 3. The Semi nerwoſus, ariſing from 
Vol . | 


N n 


the inner Side of the Tibia towards the back- 
ſide, running as far as its Middle. 4. The 
Semimembranoſus, proceeding from the ſame 
Knob, and ending by a broader Tendon than 
the third, in the hinder part of the Tibia. 5, 
The fifth is call'd Biceps, likewiſe beginning 
at the Iſchium, and at laſt inſerted into the 
outer Side of the upper Appendix of the Fibula, 
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Annotat. L to O, and three times round the little Finger at P and Q; which laſt 


1s only that the Loop N O may not give way. Before the Hands are 
jerk*d from one another, the left Hand muſt be ſhut, but the Thumb 
muſt. be held looſe, leſt preſſing againſt the Fore-finger it ſhould hinder 


the Part T L of the Rope from carrying the Force fully to the Point L; 


but the little Finger, and that next to it, muſt be held hard, to keep the 
Loop N O firm its Place. | | 

The making uſe of the Muſcles that extend the Legs for lifting great 
Weights is no uncommon Practice among ſome of our working Men, tho? 
it is not obſerv'd, becauſe it is done without an Apparatus. We ſee Hack- 
ney Coach-men often get out of their Boxes, and with their Rumps eaſily 
lift up the Coach behind to make way for one another, or to avoid ſome 
great Rub, or ſome Hole, or any other Inconveniency ; and this they 
do with ſo much eaſe, that if they have four Perſons in the Coach, and 
three or four Trunks behind, they never think it worth while to deſire 


any Perſon to get out, or to take off any of the Weight. The Coal- 


Porters at the Cuſtom- Houſe Key (commonly call'd Fellouiſbip Porters) car- 


ry one hundred and three quarters Weight of Coals, running all the way, 


tho? at every Turn they go up two Ladders, and often the length of St. 
Dunſtan's Hill, which is a Street pretty ſteep and ill pav'd, and perhaps 
climb up a Stair-caſe or two before they ſhoot their Coals: and this moſt 
of them will do above ſixty times a Day. But their manner of doing it, 
15 to ſtoop ſo as to let the Sack bear chiefly on their Rumps, holding one 
Hand beind them to keep together the mouth of the Sack, that they 
may with more Expedition ſhoot out their Coals, whilſt their other Hand 
ſecures the Sack from ſlipping down from above ; and this Poſture very much 
eaſes the Action of the Muſcles of the Loins, the Extenſors of the Legs 
being then chiefly concern'd. 

Since I began to write this, I have been credibly inform'd that the Porters 
in Turkey carry ſeven or eight, nay ſometimes nine hundred Weight upon 
the lower end of their Back, or rather their Rump, only reſting on a Stick 

before them, whilſt they receive their Loads, to ſupport their Body and 
fave the Muſcles of their Loins; but we may eaſily gueſs that other Per- 
| ſons muſt be very careful in putting on and taking off the Burthen. 

I believe the Strength of the Teftudo made by the Roman Soldiers when 
they ſtood cloſe together with their Shields over their Heads, muſt be ow- 
ing to fome ſuch ſort of Poſture of the Body: otherwiſe they could never 
have been able to bear the Weight of Chariots driving over them, as 
ſome Hiſtorians have inform'd us. In that Caſe every Man, except thoſe 
of the firſt Row (a), cover'd the Man who ſtood before with his Shield 


at the ſame time bearing upon his Rump that ſtood before him : and you 
DE | they 


| (a) Thoſe of the firſt Row held their Shields bore on the Shoulders of the firſt as they ſtoop'd, 
inclin'd before thera as they ſtoop d. Sometimes and cover d them with their Shields, &c. 
the firſt Row knecled, and the ſecond Row 3 
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they ſtood againſt any Shock, their Muſcles had no other Labour but to Anno tat. | 


keep their Knees ſtiff; the Bony Arch already deſcrib'd F being ſufficient 
to ſupport a much greater Weight. | 8 = 

There are ſeveral Caſes, wherein it would be of ſingular uſe to apply the 
Force of one or more Men, by means of the Girdle and Hook and Chain, 
in the manner above mentioned ; as for example, when the Reſiſtance is 
very great, but the Bodies that reſiſt are to be remov*d but a little way: 
if we lift very heavy Goods a ſmall Height, to remove any thing from under 
them; if we would draw a Bolt or Staple, and find we can't do it even with 
an Iron Crow, the Hand pulling it upwards at the End, then the Hook of 
the Girdle being applied at the End of the Crow, the Force exerted by 
ſtretching the Legs would be tenfold of what the Hands were able to do, 
without more help at the ſame Place. 

There may alſo be many Occaſions on board a Ship. Pl inſtance but 
one. Let F G * be the Tackle for raiſing or lowering the Main-cop-Maſt, 
part of which is repreſented by m 1, m 23 the Block G is fix*d below, 
and as the Block F comes down, it pulls along with it the top Rope F BC, 
2 1 running over the Block B (fix*d at A) and round the Block C in the 
Heel of the Top-maſt, ſo as to draw up the lower End m 1 of the ſaid 
Main-top-maſt, which when hoiſted up to its due Height, is made faſt by 
the Iron Pin or Fidd I, which is thruſt thro? it, and then its own Weight 
and the Hole D of the Cap will keep it in its place. We'll ſuppoſe that 
the Force requir'd thus to raiſe the Maſt muſt be that of ſix Men pulling 
upon Deck at the fall of the Tackle, that is, at the running Rope FG K at 
EK on the other ſide of the Main-maſt LI. Now in order to let down this 
Maſt on the ſudden, as in caſe of hard Weather, it is neceſſary the fame 
Tackle and Power muſt be made uſe of, tho? it be but to lift it a very 
little way, that a Man may be able to get out the Fidd I, before the ſaid 
Maſt can be let down and ſlip to N on the ſide of the Main-maſt. I fay, 
that if the Hands are ſo employ*d otherwiſe, that inſtead of ſix Men there 
be only one Man at the Rope K; if he has a ſtrong Girdle to which he 
faſtens it (or makes a Bow in the Rope it ſelf, to fix it round the lower 
part of his Back, Sc.) he may exert much more Force in the Direction 
GK than the fix Men in the common way of pulling; and if he draws.to 
him (ſitting on the Ground, and puſhing his Feet againſt the firſt firm Ob- 
ſtacle that he finds, as againſt OP) only two Inches of the Rope K G, 
he will raiſe up the Main-top-maſt the third part of an Inch, which will 


be ſufficient for the Iron Fidd I to be drawn out. 


N. B. If more Force ſhould be requir'd for this Operation, as in large 
Ships, ſeveral Men at once might make uſe of Ropes about their Mid- 
ales inſtead of Girales, and faſten them all to different parts of the Fall 
of the Tackle; and for fix'd Points they might ſet their Feet againſt the 
wooden Steps of a Stern Ladder taken down and lying on the Deck, 
Faſten'd at one End to one of the Ring- Bolts: for tho in this caſe each 
Man could not apply ſo much Force as the ſingle Man before ſuppos'd, 
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Annotat | becauſe as they all muſt fit a little on one fide of the Rope G K, their 
Lect. IV. Pull will be ſomething oblique ; yet five Men, in this — will very . | 
— — egfiy do the Work of fifteen. 


8. [Page 2s 2- The whole Farce whereby a Man Tow, &. — / 
have given a 7 un in my Notes, &c.] 


To illuſtrate hd main what I kinds faid in he Lecture, I ſhall here 
give part of Mcn/. De la Hires Memoire given in to the Royal Academy 
of Sciences, in the Year 1699, entitled, An Examination of the Force of 
Men to move Weights, whether by lifting, carrying, or drawing; conſider d 
as well abſolutely as when compar d with that of other Animals which carry 
and draw, as Horſes, &c. In which all his Reaſoning is juſt, tho? ſome of 
his Data being wrong, lead us alſo to a wrong Concluſion ; but I ſhall ſet 
all right by my 2 upon it. 

Si ſuppoſe firſt that a Man of a middle Stature, who is pretty ſtrong, 
weighs 140 lib. of our Weight. (*) I conſider firſt, that ſuch a Man as 
I have ſuppos'd, having both Knees on the Ground, can riſe bearing only 
on his Toes, ſtill keeping his Knees together ; and as this Action is per- 
form*d by means of the Muſcles of the Legs and Thighs, it is evident 
by the Suppoſition I made of his Weight, that the Muſcles of the Legs 
and Thighs have a ſufficient Force to raiſe 140 lib. (a) 

„ But a Man bending a little in the Hams can raiſe himſelf up though 
loaded with a Weight of 150 lib. together with the Weight of his Body, 
which he raiſes at the ſame time (); ſo that the Force of the Muſcles of 
the Legs and Thighs can raiſe a Weight of 290 lib. that is 150 lib. the 
Burthen carried, and 140 lib. the Weight of the Body, when the Riſe 
is but 2 or 3 Inches. 

Such a Man, as we have ſuppos'd, and ſhall all along ſuppoſe him, can 
alſo lift from the Ground a Weight of 100 lib. plac'd between his Legs, 
taking hold of it with his Hands as with two Hooks, and raiſing him- 
ſelf up. (c) Whence it follows that the Muſcles of the Loins alone 
have Force enough to raiſe 170 lib. namely, the 100 lib. of the Weight, 
and 70 lib. half the Weight of the Man; becauſe he is to raiſe not only 
the 100 lib. Weight, but alſo the whole upper part of his Body above the 
middle, becauſe we have ſuppoſed him to ſtoop to take up the Weight. 
As for the Strength of the Arms for drawing or lifting a Weight, one 
may ſuppoſe it of 160 lib. which depends upon the Muſcles of the Shoul- 
.der and Arms. For if a Man with both Hands takes hold of ſome 
„ fix'd Body placed over his Head, he may eaſily enough, by the ſtrength 
| 5 of his Arms alone, draw up his Body, and even 209 hb. more, juſt as $ if 
he was burthen'd with a Weight of 20 lib. It is eaſy to make the Experi- 
„% ment; for if a Weight of 160 lib. be faſtened to a Rope and thrown o- 
ver a II oy a Man who weighs only 140 lib. pon at the other . 


* o 


(*) The "a, 4 betwir * 11th and one 12th part greater than our Pound Averdupoids. 
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of the Rope, it is plain that he will never be able to raiſe the 160 lib. Annnotat. 
Weight; the utmoſt he can do, being only to hang with all the Weight Lect. IV. 
of his Body by the Rope: for the Weightar the other end being great. 


er than the Weight of the Man, will keep him ſuſpended ; the Pulley 
being only a continued Balance with equal Arms : but if the Man has 
faſten'd to him a Weight of 20 lib. then he will make an Zquilibrium 
with the Weight on the other Side; and if ever ſo little be added to the 


20 lib. Weight, he will raiſe the oppoſite - Weight, the Muſcles of his 


Shoulders and Arms being of ſufficient Force to ſuſtain the whole ag- 


gregate Weight. 
« Tho? the Muſcles of each part of the Body can exert great Forces 
to raiſe Weights, the Force of a Man is not to be reckon'd as the Sum 


of the different Forces of all his Muſcles taken together, even tho? the 


Spirits which ſwell the Muſcles, and by ſhortening them draw the Ten- 
dons at their Ends, could as eaſily be diſtributed to all the Parts as to any 
one particular Part, becauſe each Part commonly ſerves to ſupport that 
which is immediately next to it. As for Example ; the Mulcles of the 
Arms and Shoulders by their Contraction can lift a Weight of 160 lib. 
but if the Body be inclin'd, the Arms will not be able to ſuſtain that 
Weight, unleſs the Muſcles of the Loins are at the ſame time ſtrong 
enough to ſuſtain the upper part of the Body, together with the Weight 
which it is loaded with; and if the Hams were alſo bent, then the Mul- 
cles of the Legs and Thighs muſt ſtill exert a greater Strength, becauſe 
they muſt ſuſtain the Weight of 160 lib. and alſo at the ſame time the 
whole Weight of the Body. Whence it happens, that in this Diſpoſi- 
tion of the whole Body, the Force is diſtributed by the Diſtribution of 


the Spirits into all the Parts; for which reaſon a Man will not be able to 


raiſe 160 lib. from the Ground. 

Not but there are Men, whoſe Spirits flow ſo abundantly and ſo ſwift- 
ly into their Muſcles, that they exert three or four times more Strength 
than others do; and this ſeems to me to be the natural Reaſon of the 
ſurprizing Strength that we ſee. in ſome Men, who carry and raiſe Weights 


which two or three ordinary Men can hardly ſuſtain, tho? theſe Men be 


ſometimes but of a moderate Stature, and rather appear weak. than 
ſtrong. There was a Man in this Country a little while ago, who wou'd 
carry a very large Anvil, and of whom were reported ſeveral wonderful 
Feats of Strength: but I ſaw another at Yenice, who was but a Lad, 
and did not ſeem able to carry above 40 or 50 lib. with all poſſible Ad- 
vantages ; yet this young Fellow ſtanding upon a Table, raiſed from the 
Earth and ſuſtained off of the Ground an Aſs, by means of a broad Girt, 
which going under the Creature's Belly, was hung on to two Hooks that 
were faſten'd to a Plat of ſmall Cords, coming down in Treſſes from the 
Hair on each ſide the Lad's Head, which were in no great quantity. 
And all this great Force depended only upon the Muſcles of the Shoul- 


ders and thoſe of the Loins (d); for he ſtoop'd at firſt whilſt the Hooks 
were faſten'd to the Girt, and then raiſed himſelf, and lifted up the Aſs 
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fem the Ground, bearing wth bis Hands upon his Knees. He rais-d 


„o in che ſame manner other Weights that feem*d heavier, and uſed to 
he did it with more cafe, becauſe the Aſs kick*d and ſtruggled when 

dhe Sound., EE | 
No to examine the Force of à Man to carry a Burthen upon his Shoul- 

„ers; ©-fay that Weight may be of 1 50 lib. and a Man may walk with 


_ <* that Load cafily enough upon an horizontal Plane, provided he does not 
<© take great Steps; but he can by no means. go up a Mountain or a Stair- 


. 
P'. 20. F. 12. 


<©cale-with the fame Weight. For the Action of walking, when we bear a 
<«<*Burthen, muſt be confider'd as the circular Motion of C, the common 
Huter of Gravity of the Body and the Weight together about the Foot F, 
< that advances as the Center of the Arc of Motion, the Effort of the 
Muſcles of the other Leg which act againſt the fix d Point D, ſerving 
on to dnve the Center of Gravity forward; and if the Arc C E, 


hien that Center deſcribes, be ſmall, - the Effort of the hind Leg need 
not be great;to make the Center deſcribe it; becauſt then it puſhes up 


Feight of the Body, and the Burthen only the Height of A B the 
bg aA Sine of half the Arc, which is inconſiderable in this Caſe in re- 
« ſpect to the whole Arc, which is the Length that the Burthen advances. 

So that a Man carrying a Burthen, can walk ſo much the eaſier as his 
Steps are ſhorter, becauſe the vers'd Sine will be fo much the leſs ; for if he 


& ſhou'd take large Steps, the hind Leg muſt puſh up the Body and Burthen 


Lethe Height of the vers'd Sine of ſo much a greater Arc as the Steps 
« are greater; that is, the vers'd Sine of the Arc which meaſures half the 
« Diſtance that the Burthen advances forward. 8 

It is alſo plain, that a Man thus loaded can by no means go up a Stair- 


_ « caſe, or a very ſteep Hill with that Burthen; becauſe according to what 


«<<. wehave already explained, the Action of the Muſcles of the Legs being 
„only able to raiſe a Weight of 1 30 lib. to the Height of two or three In- 
ches, he wou'd not be able to raiſe it five Inches, which is the Height of 
* common Stairs or Steps, (F) nor go up a Mountain, unleſs he took ſuch 
fhort ſteps as to riſe only two or three Inches perpendicularly every time. 


What remains now is to conſider the Force of a Man for drawing or 


& thruſting horizontally. (g) But to make this the more clear and intelligi- 


ble, I ſhall conſider that Force as apply'd to the Handle of a Roller or 


« Windlaſs whoſe Axle is horizontal, on which Axle the Rope which ſu- 


.« ſtains the Weight winds up, ſuppoſing the Diſtance from the Center of the 


© Roller to the Elbow of the Handle to be equal to the half Diameter 
% of the Roller, that the Force applied may be eſtimated without any 
Augmentation on account of the Machine; neither do I conſider here 
&« the Friction of the Pivot, or Difficulty of folding the Rope. | 

% Firſt then, it is plain, that if the Elbow of the Handle be in an hori- 
% Zontal Situation, and about the Height of a Man's Knees, a Man that 
« lifts it by drawing up, may exert a Force capable of raiſing 1 50 lib. 
“ hanging at the end of the Rope if he takes all poſſible Advantages, ac- 


s cording- to what I have already explain*d, But if he is to depreſs the 


n « Handle, 
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« Handle, his Strength for that purpoſe cannot be more than equal to 240 lib. Annotat. 
« hich (as has been ſuppos'd) is the Weight of his Body; for he can Lect. IV. 
« Jay on no more Weight than that, except he was loaded with ſone 
« Weight, and then the Effect might be fo much greater. 
« Secondly, If the Elbow of the Handle be plac'd vertically, and it be at 
the ſame Height as a Man's Shoulders, it is cettain that a Man 'can ex- 
ert no Force to cauſe it to turn, by puſhing or drawing with his Hands, 
if both Feet being ſet together the Body be upright, as repreſented 
in * Fig. 13. by the Line AP, the Line A M reprelenting the Line of Pl. 20. F. 13. 
the Arms being horizontal, and making a right Angle with A P; be- 
cauſe in that Poſition, neither the Force of the whole Body, nor of any 
part of it, nor its Weight, can exert any Force for drawing or puſhing ; 
which is known by Mechanicks : for I look upon the Breadth taken up 
by the Feet but as a Point at P. But if the Handle be higher or lower 
than the Level of the Shoulders, then the Line A M, which goes from 
the Shoulders to the Hands, and the Line A P going from the Shoulders 
to the Feet, will make an obtuſe or an acute Angle, and then a Man 
may exert fome Force for drawing or puſhing the Handle; but that 
Force depends only upon the Weight of the Body, as may be eaſily per- 
ceiv'd and demonſtrated ;- and that Weight or Force muſt be conſideiꝰd 
as collected in one Point, which is the Center of Gravity of the Body, 
and about the Height of the Navel: I ſay, we muſt have regard 
only to the Weight of the Body, in order to determine the Zquiizbrium; 
for the Action of the Muſcles of the Legs and Thighs ſerves only to pre- 
ſerve that Aquilibrium as we walk. 
“ Let the Handle in Fig. 2. * be placed at D the ſame height as the 
Shoulders A, and the Center of Gravity of the Body be at C, the Body 
being very much inclin*d towards the Handle; but the End of the Feet 
mult be at P. Firſt, We muſt conſider that Point P as the Fulcrum or 
Center of Motion of a Leaver or ſtrait Rod PCH, which going thro? 
G, the Center of Gravity of the whole Body, meets the Line -of the 
Arms MA at the Point H. Secondly, We muſt conſider the Point C of 
the Leaver loaded with the whole Weight of the Body equal to 140 lib. 
which Weight endeavours to deſcend perpendicularly according to its 
natural Direction, the end Hof the Leaver being ſuſtain*d in the horizon- 
tal Direction MAH; whence it will be eaſy to determine by mecha- 
nical Principles, what Effect the Weight of the Body at C, acting in its 
natural Direction, can have on the Handle according to the horizontal 
Direction HD. | | | 
« For, firſt, let us ſuppoſe PH to be divided into 140 Parts, of which 
PC contains 80. Now ſince the Weight of the whole Body acting at 
C 15 but 140 lib. when apply'd at H it will act but with the Force of 80 
lib. juſt as if a Weight of 80 lib. was to be ſuſpended at that Point, and 
act in its natural Direction; which, according to what we have ſuppos'd, 
muſt be perpendicular to MA. If therefore from the Center of Mo- 
con P, the Sine PF be drawn perpendicular to M A F, the 
: et 0 
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- .Annotat. © of 80 lib. at I, acting in its natural Direction: will be to the Action of 


* the fame Weight upon the Handle according to the horizontal Directi- 
on MA H:: in the Ratio of PF to HF. And this does very much 
diminiſh the Action of the 80 lib. in a moderate Inclination of the Body 
ACB. And if we ſuppoſe for Example, that the Line PC H makes an 
Angle P H F of 70 Degrees with the Line MAF, the Line of the Bo- 
dy ACBwil then be inclin*d to the Horizon in an Angle of more than 


60 Degrees, which is the greateſt Inclination of * with which a Man 


can walk. Then 
The Sine of 70 Degrees, which is PF; 

Will be to the Sine of its Complement, which is HF: 

As 3: 

« Tor, nearly; 
And conſequently the Action of the 80 lib. fuppoſed to act at H accord- 
ing to the natural Direction, will be to the Action exerted in the hori- 
20ntal Direction, but as 80 to its third, which is ſomething leſs than 
27 lib. 
" "Thoſe who have not inde the Experiment of _ horizontally with 
the Arms, or drawing a Rope horizontally as a Man walks with the Bo- 
dy inclin'd forward, whether the Rope be faſten*d towards the Should- 
ers or towards the middle of the Body, (for the Effect will not differ, pro- 
vided the Inclination of the Body is the ſame ; beauſe the Sine of In- 


clination and its Complement are always in the ſame Ratio) can hardly 


be perſuaded that the whole Force of a Man is reduc'd to ſo little in 
pulling horizontally, as not to exceed 27 lib. 

„Not but that a Man may lean or incline his Body ſo as to ſuſtain a 
much greater Weight than 27 lib. for if the Line P H ſhould make an 
Angle of 45 Degrees with H F, it is certain that the Weight of the 
Body would ſuſtain 80 lib. But as he muſt then have his Body in the 
Pofition of the Line A B, much more inclin'd to the Horizon than 45 
Degrees, he would be fo far from being able to walk, that he would not 
be able to ſtand in ſuch a Poſture. 

« The ſame Demonſtration may allo ſerve to.ſhew that a Man has much 
more Force to draw if he goes backwards than in going forwards. For 
in ſuch a Situation of the Body, the Line P CH, * Eg. 3. which goes 
from the Feet at P, thro' the Center of Gravity C, and on which the 
Increaſe of Force depends, will always be much more inclin'd to the Ho- 
rizon than the Line of the Body A C B, quite contrary to what it was 
in the former Poſition. But then this way of drawing cannot be put in 
practice, except for pulling a Rope, when a Man continues in the ſame 
Place; otherwiſe we ſhould .naturally come into that Poſture : for Na- 
ture and Experience have taught us to take all poſſible Advantages! in 


* common Operations. 


For the fame Reaſon, Watermen and thoſe that row at Sea always pull 
their Oars backward ; for that way they can exert more Force than in 


puſhing forwards like the Condoliers at Venice, who work in that * 
N * for 


my + 


a „ ©, kw 
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« for no other Reaſon than to ſee well before them, which is more neceſſa- Annotat. 
“ ry to them than exerting a great Force, by reaſon of the many ſhort Lect. IV 
Turns they muſt make in the Canals, and the Care they muſt take to a-... 


* 


« void one another.“ "BY 


What remains is to compare the Force of Men with that of. Horſes 
for drawing, Sc. but having conſider'd that in my Lecture, I need not give 
the Tranſlation of the reſt of Monſ. de la Hire's Paper; only proceed to 
make my Obſervations upon it. 


(a) The Muſcles of the Legs and 7 highs are much fronger than M. De la 


Hire ſuppoſes, as appears by what has been ſaid concerning the Feats -of 
Strength; and the Action of riſing backward from one's Knees is very ſhort 
of the utmoſt that a Man can do in that Poſture: for a Man may carry ſome 
conſiderable Weight, and yet riſe from his Knees, tho" the Arc deſcrib'd by the 
Center of Gravity be then an Arc of a good many Degrees. 

(b) It is uſual in London for Men to raiſe themſelves up with, and carry 


250 lib. which is almoſt as much more as M. De la Hire has ſuppos'd;, there- * 


fore all the Conſequences drawn from this Suppoſition muſt fall ſhort. 


(c) Working Men generally lift 150 lib. with their Hands, and ſome 200 | 


lib, but here the Exceſs of the Force of the Muſcles of the Loins is not ſo much 
greater than M. De la Hire's Suppoſition, as the Exceſs of the Force of the 
Muſcles of the Legs. | 1 | 

(d) What he attributes here to the Muſcles of the Loins was really per- 
form'd by the Extenſors of the Legs; for the young Man's ſtooping with his 
Hands upon his Knees was not with his Body forwards and his Knees ſliff, but 
his Body upright and his Knees bent, ſo as to bring the two Cords with which 
he lifted to be in the ſame Plane with his Ankles and the Heads of his Thigh 
Bones; by which means the Line of Direction of the Man and the whole 
Weight came between the ſtrongeſt part of his two Feet, which are the Sup- 
ports : then as he extended his Legs he rais'd himſelf without changing the 
Line of Direction. That. this muſt have been the manner 1 am pretty well aſ- 
ſured of, by not only obſerving thoſe that perform ſuch Feats, but having of- 
ten try\d it myſelf. As for the Muſcles of the Loins, they are incapable of that 
Strain, being above fix times weaker than the Extenſors of the Legs, at leaſt 
1 found them ſo in myſelf. | | 
bout the Year 1716, having the Honour of ſhewing a great many Experi- 
ments to his late Majeſty King GEORG E the Firſt, bis Majeſty was deſi- 
045 to know, whether there was any Fallacy in thoſe Feats of Strength that had 
been ſhewn half a Year before by a Man, who ſeemed by his Make to be no 
ſlronger than other Men: upon this I had a Frame of Wood made to ſtand 


in (ſuch as is repreſented by the 2d * Fig. of Plate 20.) and with a Girdle and Pl. 20 F.2. 


Chain lifted an Iron Cylinder made uſe of to roll the Garden, ſuſtaining it eafily 
when one it was up. Some Noblemen and Gentlemen who were preſent, try'd 


the Experiment afterwards, and lifted the Roller; ſome with more Eaſe, and 


Jome with more Difficulty than I had done. This Roller, weighed 1900 lib. as 
fe OI told us. Afterwards I try'd to lift 300 lib. with my Hands (viz. 
0:6. — 0 1 two 
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Annotat. two Paili with 150 lib. of Quickſitver in each) which I did indeed raiſe from 
Lect. IV. the Ground, but ſtrain'd my Back ſo as to feel it three or four Days; which 
2 ſhews that, in the ſame Perſon, the Muſcles of the Loins (which exerted their 
| Force in this laſt Experiment) are more than ſix times weaker than the Ex. 
tenſors of the Legs; for I felt no Inconveniency from raifing the Iron Roller. 

(e) The Reaſon why the Aſs kicking and moving made his Weight more in- 
convenient than a heavier Burthen, was, that by ſuch a Motion the Line 
of Direction vacillated, and as it went forwards and backwards, the Muſcles 
of the Loins were forc'd to act to bring it into its Place again. 

(f) That M. de la Hire has taken the Sirength of the Muſcles that ex- 
tend the Leg and firetch the Foot, too little, appears from the Practice of all 
thoſe that carry Grain in Sacks and Meal, who eaſily go up Stairs with 200, 
and often above 250 lib. Weight; and the Men who carry Coals from Carts 
into Houſes, go up Stairs with 250. Weight, They can't indeed go down B 
Stairs with ſo great a Weight as they can go up. | Wa 


SO . $ahad th 0b an yo. ' 
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(g) All that follows in this Diſſertation concerning a Man's puſhing or draws- 
ing may be depended upon, becauſe it is mathematically deduc'd from the Weight | 
ſuppos d, and cannot but be irue in a Man weighing 140 lib. l 

9. [Page 255. — There muſt be a ſufficient Velocity given, &c.] If there 2 
ſhould be no greater Velocity given to the Hand which is to turn the Winch, 
than I have ſuppos'd, there could not be Motion enough communicated from 
the advantageous to the diſadvantageous part of the Revolution, as would 
enable a Man to raiſe 30 lib. with the ſame Velocity as the Hand mov'd: 
therefore we muſt ſo contrive Matters as to increaſe the Velocity of the 
Hand moving, at leaſt one fixth part; but then we muſt lay only 25 lib, upon my 
the Hand moving fo much the ſwifter, which yet will perform as much Work 2 
in a Day as if the other way had been practicable. Nay, in a great many "I 
Caſes it will not be amiſs to give the Hand one third more Velocity, and load 5 
it but with 20 lib. eſpecially if a Fly be made uſe of; and the bigger the = 
Circle is which the Fly deſcribes, the better will the Force be diſtributed. 
This Work thus perform*d may be continued ten Hours a Day, and very 4 
little fatigue the Labourer. 5 | | of 
10. [Page 256. —— Daily Labour of the London Porters, &c.] At the 1 
Cuſtom-Houſe Key, and at ſeveral Wharts, one may obſerve what great Loads 
are carry*d by Porters employ'd to carry Goods to and from the Veſſels on wt 
the Water; ſuch indeed are the Loads which ſome carry, that an Horſe "i 
would ſoon be kilPd by carrying the fame Weight: They that work for the En 
Cheeſemongers at ſo much per Ton, generally carry 300 Weight of Cheeſe at 5 
every Turn, and work all day long. 5 | | hes 
t. [Page 257. the Horſes ſtrong, & c.] If too great a Load be laid — 
upon an Horſe's Back, there is danger of breaking it; which is the Reaſon | 
that People do not genera ly lay on very great Loads. The Fell-mongers aha 


and Skinners are ſaid to load their Horſes more than any other People; but 
1 | _ they 
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they lay ſeveral Skins and Hides over the Horſes Shoulders and Hips, that Annotat. 
the Back may not be too much ſtrain*d: I am inform'd that they put on Lect. IV. 
ſometimes 4 or 500 Weight; but then the Horſes go extremely ſlow, Gyn 
The molt that can be done with an Horſe is to make him draw: and thoſe 
Horſes that do moſt Work are ſuch as draw great Loads in Carts on ve- 
ry high Wheels (the Horſes themſelves being very tall) up St. Dunſtan's 
Hill in the Eaſt, where a Carter does ſometimes lay on 2000 lib. Weight, 
and makes one Horſe draw it up the Hill ; but at every difficult Place, the 
Man ſets his Shoulder to the Cart in ſuch a manner, as conſiderably to help 


the Horſe, who would be unable to draw up the Load without that help : 
and fo ſenſible is the Horſe of it, that he does not exert his whole Strength, 


till he finds that his Maſter helps him. 


I promis'd in the 15th Note to Lect. III. to give an Account of Mr, A. 
len's Carriages at Bath, and having juſt receiv*d an Account from a Friend - 
well skill'd in Mechanicks and Drawing, who took the Meaſures and Draughts 
upon the Place, think proper to communicate it here, as having conſider'd 
the Nature of Carriages in this Lecture. | | 85 


A DescrieTION of the Carriages made uſe of by Ralph Allen, Efq; to 
carry Stone from his Quarries, ſituated on the top of a Hill, to the Ma- 
ter- ſide of the River Avon, near the City of Bath, By CHARLES de 


Theſe Quarries are at the Diſtance of a Mile and an half from the River, 
and about 500 Feet above the Level of its Surface, which makes a Slope fo 
ſteep, that the ſmall Price the Stone is fold at, would hardly defray the 
Charges of bringing it down without ſome proper Contrivance, ſuch as the 
following, which is a great Improvement on ſome Carriages and Yaggon-ways 
made uſe of at the Coal Mines near Newcaſtle, | 


1. Fig. 4. Plate 21, * repreſents this Carriage in Perſpective, as ſeen * Þ1, 21. F.4. 
from a Diſtance of 12 Feet from the left of the Fore-wheels, the Height | 
of the Eye being about 6 Feet. The Geometrical Plan was laid down from 
a Scale of 20 to an Inch; that is, every 2oth of an Inch, anſwers to one 
Inch of the Machine. | | „ 

2. Fig. 5. * repreſents the Elevation of one of the Sides of this Carriage, pl. 21. P. 5. 
when both the Fore-wheel and Hind-wheel of that Side are lock*d, from a 

Scale of 20 to an Inch. : | 
3. Fig. the 6th. F repreſents the Elevation of the hind part of the Car- 4 Pl. 21. F.6. 
_ riages, with all the Iron-work employ'd in the locking of the Wheels, and 
it ſhews alſo the Profil of the Wheels, and Axle-tree, together with the 
Sections of the Side-planks and of the Frame on which it moves, from a 
Scale of 10 to an Inch. REES 
4. From the Conſideration of theſe three Figures, it will appear, that 


this Carriage conſiſts of a ſtrong Floor of (Oaken) Planks, three and a 
e Oo2 half 
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Annotat. half Feet wide, and about 13 Feet long, ſtrengthen'd above by ſeveral 
Lect. IV. Ribs to defend it from the Stones that lie upon it, and fix'd uponfour 
wv Beams of the fame Wood, about four Inches ſquare and 14 Feet long. 


5. At fix Inches from the Ends are fix'd the Fore- ſide and Back- ſide 


_ ſtrongly faſten'd to the Beams, and to the Floor, by ſeveral Screws and 

1 1 F., Nuts. See Fig. 4, and 6. | 
* 6. To thefe two Ends, when Occaſion requires, may be faſten'd two 
Sides made of Planks 13 Feet long, which fit into the Side of the outward 


Beams by means of Hooks and Rings, and are kept up by means of Latches, 


+PL. 21. F., to be ſeen in Fig. 4, 5, 6. F Theſe Sides are allo further ſtrengthen'd by 
;, and6. a Chain going acroſs in the middle of the Carriage. | 
7. At right Angles under theſe Beams, at a proper Diſtance (ſee Fg. 
5.). are faſten*d two ſtrong Timbers, by means of large Screws and Nuts. 
8. In theſe Timbers well ſtrengthen'd and plated with Iron, where the 
greateſt Streſs lics, are placed two ſemicylindrical Pieces of Brafs at each 
End, to ſerve as a Collar for the Axle-trees of the Wheels, which being 
well greaſed, turn with very little Friction. | | 
9. There is likewife under theſe four Beams (already mention'd) another 
piece of Timber of about 6 Inches by 4 well faſten*d to it, at right Angles, 
and at ſuch a Diſtance, as is ſeen in Fig. 5. | 
This Piece ſerves as a fix*d Point to place a Leaver, which Jocks (or 
| keeps from turning) the Hind-wheel, by preſſing upon it. | 
IPI. 22.F.1, 10. The Axle-tree is about three Inches Diameter. See Plate 22. Fig. 
and 2, 1. One of its Ends is ſquare, the other round; and on theſe two Ends, the 
| Wheels are plac'd in an alternate Poſition; that is, the right-handed Fore- 
wheel is on a Square, and the left on a round part of the Axle-tree, whilſt 
the right-handed Hind-wheel is on a round End, and the left on a ſquare 
End of the Axle-tree; thereby any one of the Wheels may be lock'd ſepa- 
rately : for when the Wheel placed on. the round End is lock*d, the other, 
together with the Axle-tree, revolves within it; and when the Wheel which 
is faſtend on the Square-1s lock*d, the other revolves notwithſtanding, as 
ujual upon the Axle-tree, which is then unmoveable. = 


11. Thefe Wheels are made of caſt Iron about 20 Inches Diameter, and 


have a Flanch 6 Inches broad next to the Carriage, which hinders them from 
running off from the Oaken Frame on which they move. Their Plan and 


+ Pl. 21. E.;. Profil are ſeen in Fig. Þ g. of Plate 21, and Fig. 1. of Plate 22. and their 

& PI. 22. F. 1. Sections either thro? their Spokes (or Radii) or between any two of them, 
* PL22. F. 3, as * Fig. zd and 4th of Plate 22. os | 

4 12, The manner of locking and unlocking of the Wheels is as fol- 

Jows: When either of the Hind-wheels is to be lock'd, a ſtrong Leaver 

(which they call the Jigg Pole) is placed on that End of the Timber (de- 

ſcribed in Paragraph 9.) next to the Wheel to be lock*d ; and after it 1s 

aſſed thro* the Iron Loop to ſecure it the better, a Chain coming from 

PL 21. F. 5. the Roller to be ſeen in + Fig. 5, and Fig 1. of Plate 22. is clapt over the 

-$& a = * Extremity, and by means of a ſhort iron Bar and the Rochet and Click, 


I 
and 5. ſcen in Fig. 5 and 6 Plate 22. * one of the Drivers-or Perſons that attend 
tue Carriage in a very little time ſtops the Wheel either partly or intirely. 
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To unlock which, 'tis only lifting up the End of the Click or Catch made N 
long on purpoſe ; for then the Leaver preſſing no longer, the Chain is flack- Let. I 
en'd, taken off, and the Jigg Pole laid in the Cart, till another Occaſion PEE: 
ſerves. They have two Jigg Poles, one for each Hind-Wheel. | 

13. The Fore-wheels are lock'd, by means of a thick ſquare iron Bolt, «+ 
ſeen in Fig. 5, of Plate 21. + coming out in the Direction of the Axle-tree, + Pl. 21. 7. - 
between the Spokes or Radii of the Fore-wheels. Theſe Bolts, are pro- 
truded forwards to lock the Wheels, and drawn back to uolock them 
ſeparately, by means of a Contrivance, part of which is ſeen in Fig. 5, 
of Pl. 21. and 1} of Pl. 22. T Towards the middle of the back-fide are 4 Pl. 21. F -. 
two iron Rods, (ſee one in Fig. 6. Pl. 22.*) turning ſeparately on the ſquare PI. 22 F. 1. 
of an Axle. When either of theſe is brought by the Hand from a verti- oo” 
cal Poſition, in which they are drawn, to an horizontal one, the iron Rod, 
of which it takes hold by its lower End, is puſhed forward four or five 
Inches, and by means of the Contrivance in ＋ Fig. 1, 2, 3, 4, of Pl. 23. FP. 23. F. 1, 
| ſhoots the ſquare Bolt between the Spokes or Radii. 2, 3, 4. 

When the Wheel muſt be unlock'd, this Bolt is drawn back into its for- | 
mer Poſition, by bringing the Iron Rod into its former vertical Situation, as 
in Fig. 1. of Pl. 22. + As theſe Carriages are loaded with a conſiderable fl. 22. b. . 
(often with upwards of four Tons) Weight of Stone, when they come 
down the Hill, all the Contrivances explain'd above would be uſeleſs, and 

that great Weight would fink the Carriage too deep into the Ground, with- 
out pieces of Oak laid all along the Way which theſe Carriages then paſs o- 
ver. Theſe are ſufficiently ſeen in Fig: 4, 5, of Pl. 21. * and Fig. 1. of Pl. 22. 

Altho' theſe Carriages are very heavy even when empty, yet by means F *" 
of the Frame on which they move, and the little Friction the Axle-trees 
feel revolving in the braſs Collars, two Horſes not only draw them up the 
Hill very eaſily when empty, but draw them along on the Plain when loaded, 
at a very good Rate. As ſoon as the Carriages come to the Brow of the Hill, 
the Horſes are taken off, and one or more of the Wheels lock' d, by the 
Driver, who ſtands behind to moderate the Motion as he thinks proper. 
When the Carriages are come to the Water-ſide, and have been unload- 
ed, they change the Horſes from End to End, ſo that the part of the Car- 
riage which went before defcending, becomes the hind- part in aſcending 
the Hill, which avoids the Trouble of turning with theſe Wheels. 

Theſe Carriages are loaded at the Quarrries, and unloaded at the Water- 
fide, by means of a very good and curiouſly contriv*d Crane, fully deſcribꝰd 
by Dr. F. T. e in his Courſe of Experimental Philoſopł by, Lect, III. 
Ann. I5. 


„ 


nd Pl. 22, 


N. B. Mr. Allen, to whom I am 10 for a full aud thorough Sur- 
vey of theſe Carriages, told me, that one of them, when compleatly fi- 
niſhed, and ready to be uſed, ſtands him in upwards of 30 Pounds: 
which I thought proper to mention as a very reaſonable Price, confider- 
ing the * and workmanlike manner in which every thing is per- 


formed. 
Tho? : 
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b Annotat. Tho' Mr. Labelye's Deſcription is very intelligible, and his Draughts 
UH Lect. IV. extreamly well done, yet, to make every thing ſtill plainer, I have added 
H oy Letters to his Draughts, and the following References, 


References to the Figure of Mr. Allen's Carriages and their 
| | ſeveral Parts. | 


Plate 21. Figure 4. | 
ABCDIIIHFEG. The Body and Bottom of the Carriage without 
the Sides, which are put on upon occaſion in the Place BDHE, and faſten- 
ed by means of the Hooks g gg, and the Latches ef. | 
IIII. The croſs Pieces on the Bottom to ſtrengthen it. 
MN. Strong Pieces of Timber under the Bottom, 

K. A croſs Piece under the Bottom, having an Iron Loop at Top to re- 
ceive the End of a Leaver, that preſſes on the Hind-wheel L 2, to ſtop it 
from turning round when the Motion is too rapid. | 

L, LI, L 2. Three of the four Wheels, the fourth being out of fight 
in this Poſition of the Carnage, whoſe. Circumferences have a Flanch on 
the inſide, that the other part may bear on the Timber or Waggon-way. 

H. An Iron Roller for the _ hain to wind on, to hold down the ſtopping 
Leaver, as it preſſes on the Hind-wheel. | ; 

O, O4, On, &c. The Waggon-way, or parallel Timbers laid with a 
Deſcent for the Carriages to run down by their own Weight. 


| Figure 5. | | 
FHDB. The left Side of one of the Carriages fix'd by means of the 
Hooks at g g gg, and the Latches e, F ſhewn in the fourth Figure. 2 
IL. A Fore-whee] with a round Hole in the Nave to receive a round 
End of the Axis that goes thro' the Piece of Timber P, from another 
part of which the Bolt p is ſhot between the Spokes to ſtop the Wheel 
from turning round, when the Motion is to be retarded. 
Hp. An Iron Rod puſh'd forwards from behind to bolt or lock the 
Fore-wheel above-mention'd, | | | | 
L 2. A Hind-wheel fix*d upon, and turning round with the Axis coming 
thro? the Piece of Timber Q, the End of which Axis is made ſquare for 
that Purpoſe. | 
PK. A Leaver, whoſe End goes thro? an Iron Eye, on the Timber K, 
having there its Center of Motion, with the Compaſs-piece 9, to preſs on 
; the upper part of the Wheel L 2, to ſtop it upon occaſion, from turning 
with the Axis. | | | | 
H. A Roller on which is wound the Chain H R, which pulls down the 
End of the Leaver at R, and keeps it in its place, to preſs hard upon the 
Wheel at 97. : | 8 
O2, O 1. The Waggon-way which ſupports the ſtrong part of the Cir- 


Zumference of the Wheel, while the Flanch or large Circumference of 
each 


LY 
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each Wheel falls on the inſide of the Timber, that the Carriage may not 
jump or run out of the Way. | 


Plate 22. Figure 1, ; 
This Figure drawn by a larger Scale (viz. of 10 Inches to an Inch) ſhews 
the Elevation of the hind-part of one of the Carriages, with the Profil 


of the Wheels, Sc. 
FHGE. The End of the Carriage behind, bearing upon four Timbers, 


whoſe Ends are ſeen here. 


fg, eg. The Ends of the Sides hook d on at g. g, and latch'd at f and e. 


Hyhri, and Ghri. A Roller with its Winch, and Ratchet and Latch, 
to receive the Chain that draws down the Leaver or Jig- pole. The Chain 
goes on the Part N, or G, the Holes to turn the Axis of the Roller with an 
Iron Hand- ſpike are ſeen at 4h, the Ratchet at i i, and its Catch at 7, r. 

1k, 1k. Two perpendicular Iron Bars, whoſe lower Ends & & ſhoot for- 
ward each an horizontal Bar (not repreſented here, but ſhewn in the laſt 


defcrib*d Figure at H p) to bolt either of the Fore-wheels fingly, or both 


at once, | BR. | 
'L 2, LA. The Profils of the two Hind-wheels, with their Flanches 


m m, 11m, and bearing Parts ann, unn; the left Wheel receives the ſquare 
End of the Axis Q, in a fquare Hole, ſo as to turn with it, and the right 
Wheel has a round Hole to receive the End of the Axle at P, which is 
round alio ; fo that this Wheel can turn round without turning the Axle 
PSQ along with it. 

O 3, O 4. Shews the Section of the Timbers or Waggon-way ; where 
may be ſeen the Manner of the Wheels bearing on the Timbers at 22, un, 
whilſt the Flanches mm, mm, come down to keep the Carriage in its 
place. | 
Q, P. The croſs Timbers thro' the Bottoms of which the Iron 
_ Axles of the Carriages paſs, which are fix*d up under the Carriages by Pins 


and Nuts here repeſented by prick'd Lines, | 


Figure 2. 
Repreſents one of the Iron Axle-trees S, whoſe end Q at the right Hand 
is ſquare, the other end at the left Hand being round, with an Hole for 


the Linch Pin at each End. 


ny Figure 3. | 
| Shews the Section of the Hind-wheel on the left Side, or the Fore-wheel 
on the right Side, with a ſquare Hole Q the Rim of Circumference of the 
Wheel z u, and the Flanch m m. | 


5 Figure 4. 
Shews the right Wheel behind or leit Wheel before, mark'd with the 
ſame Leters except P, which ſhews the round Hole to receive the round 


end of the Axis. - 
| ; "igure 
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Figure 5. 
Shews the Catch r, and the Ratchet 7. 


Figure 6. 
Shews one of the perpendicular Rods of the ſixth Figure, whoſe Handle 
is at /, and the Bottom or open End is to join to one of the horizontal Bars, 
which ſhoots a Bolt in between the Spokes of one of the F _re-whools. 


Plate 23, Figure 1. 

This Fi igure repreſents the upper part of the Timber under the Carriage 
between the Fore-wheels, thro* the lower part of whoſe Ends the Axle- 
tree paſſes, and in the Subſtance of which is let in the Machinery for ſtop- 
ping the Fore-wheels, where the two Bolts AB and C D are ſeen, which 
may be ſeparately ſhot out to the right or left hand thro? a ſquare Staple P, 
or Q and reſting on one of the croſs Pins e f, E For GH, g B, by means 
of the horizontal Bars I K already deſcrib'd, one of which is to be ſeen in 
the 5th Figure of Plate 21, mark'd H p, and the Ends of both of them 
are ſeen in this Figure. The Bolt AB on one fide is repreſented as ſhot 
out between the Spokes of the Wheel, and the other is in its uſual Place, 
where it does not touch the Wheel. N. B. Pulling back the Bar LI unbolts 
B A, by means of the Elbow L N B, and puſhing forwards the Bar K M, 
bolts C D, by means of the Elbow M NC. 


Figure 2. 

The ſecond Figure ſnews an End of the Timber or the Section of the 
Machinery to move the Bolts as cut acroſs one of the Bolts, and at right 
Angles to the Axis at A, where is ſeen the Hole P, over the Axis, and the 
prick*d Lines E F ſhews the Pin or Shaft of the Screw on which the Bolt 
ſlides as it comes out of its Staple. a 

Figure 3. 

The third 3 repreſents the rectangular Elbow - Piece, ſuch as BL N, 
or CN M of the laſt Figure, where is ſeen the Center of Motion round 
the Pin N, the End L receiving the protruding End of the horizontal Bar, 
and the End B receives the End of the Bolt to throw it for ward as at B, 
Fig. 1. or draw it back as at C, in the ſame Figure. 


Figure 4. 
The fourth Figure repreſents the e wk about the End of the Tim- 
ber at III, with the Holes for the 9 Pins, the Bolt BA and Staple P. 


Before I begin my next! Leckure, it may not be improper to give an Account 
of a Man of very great natural Strength, who lives now here in London, aid. 
ſhews ſeveral ſurprizing Effetts of vis Strength. I ſhould indeed have Fi- 
ven an Account of him in the 7th Annotation ; but I was unwilling to ds it 19: 
on commen Report, till I had "”_ him my felf, which I only did fince the lajt 
Sheet was prinied = - Toon, as 
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Thomas Topham, born in London, and now about 31 Years of Age, five 
Foot ten Inches high, with Muſcles very hard and prominent, was brought 
a Carpenter, which Trade he practiſed till within theſe ſix or ſeven 
Years that he has ſhewed Feats of Strength ; but he 1s intirely igaorant of 
any Art to make his Strength appear more ſurprizing : Nay, ſometimes he 
does Things which become more difficult by his diſadvantageous Situation ; 
attempting and often doing, what he hears other ſtrong Men have done, 
without making uſe of the ſame Advantages. 
About ſix Years ago he pulled againſt an Horſe, ſitting upon the Ground 
with his Feet againſt two Stumps driven into the Ground, but without the 
Advantages repreſented by the F:r/# Figure, Plate 19 ; for the Horſe pull- 
ing againſt him drew upwards at a conſiderable Angle, ſuch as is repreſented 
in the 2d Figure of that Plate, when h N is the Line of Traction, which 
makes the Angle of the Traction to be Nh L: and in this Caſe his 
Strength was no farther employed then to keep his Legs and Thighs 
ſtrait, ſo as to make them act like the long Arm of a bended Leaver, re- 
| preſented by Lh*, on whoſe End h the Trunk of his Body reſted as a 
Weight, againſt which the Horſe drew, applying his Power at right Angles 
to the End I of the ſhort Arm of the ſaid Leaver, the Center of Motion 


being at L at the Bottom of the Stumps , % (for to draw obliquely by a 


Rope faſtened at h is the ſame as to draw by an Arm of a Leaver at / L, 
becauſe L is a Line drawn perpendicularly from the Center of Motion 
to the Line of Direction + h N) and the Horſe not being ſtrong enough to 
raiſe the Man's Weight with ſuch Diſadvantage, he thought he was in the 
right Poſture for drawing againſt an Horſe ; but when in the ſame Poſture 
he attempted to draw againſt two Horſes, he was pulled out of his Place by 
being lifted up, and had one of his Knees ſtruck againſt the Stumps, which 
ſhattered it ſo, that even to this Day, the Patella or Knee-pan is ſo looſe, 
that the Ligaments of it ſeem either to be broken or quite relaxed, which 
has taken away moſt of the Strength of that Leg. 

But if he had fat upon ſuch a Frame as is repreſented in the firſt Fi- 
gure *, and deſcrib'd in Page 266, 268, and 269, he might (conſidering 


his Strength) have kept his Situation againſt the pulling of four ſtrong Horſes 


without the leaſt Inconvenience. . | 
The Feats which I ſaw him perform à few Days ago, were the following : 
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Annotat. 
Lect. IV. 
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1. By the Strength of his Fingers (only rubb'd in Coal- aſnes to keep them 


from ſlipping) he roll'd up a very ſtrong and large Pewter-diſh. 


2. He broke ſeven or eight ſhort and ſtrong pieces of Tobacco-pipe with 


os Force of his middle Finger, having laid them on the firſt and third 
Finger. 


3. Having thruſt in under his Garter the Bowl of a ſtrong Tobacco pipe, 


his Leg 


O 


vithout altering the bending of his Leg. 
4. He broke ſuch another Bowl between his firſt and ſecond Finger, by 


preſſing his Fingers together ſide- ways. 
| 2 5. He 


Vor. I. 
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Annotat. . He lifted a Table ſix Foot long, which bad half a hundred Weight 
Lect. IV. hanging at the End of it, with his Teeth, and held it in an horizontal Po- 
ſiion for a conſiderable time. I is true the Feet of the Fable refted againſt 
bis Knees ; hut ag the Length of the Table was much greater than its Height, 
:hat Performance reguir d a great Strength to be exerted by the Muſcles of his 
Loins, thoſe of bis Neck, the Maſſeter and Temporal (Muſcles of the Jaws) 
beſides à good Set of Teeth. Ar ey | 
6. He took an Iron Kitchin-poker, about a Yard long, and three Inches 
in Circumference, and holding it in his right Hand, he ſtruck upon his bare 
left Arm, between the Elbow and the Wriſt till he bent the Poker nearly 
ro a right Angle. | | | | | 
7. He took ſuch another Poker, and holding the Ends of it in his Hands, 
and the Middle againft the Back of his Neck, he brought both Ends of it 
together before him; and, what was yet more difficult, he pull'd it almoſt 
ſtreight again: becauſe the Muſcles which ſeparate the Arms horizontally 
from each other, are not ſo ſtrong as thoſe that bring them together. 

8. He broke a Rope of about two Inches in Circumference which was 
in part wound about a Cylinder of 4 Inches Diameter, having faſten'd 
the other End of it to Straps that went over his Shoulders; but he exerted 
more Force to do this than any other of his Feats, from his aukwardneſs in 
going about it: for the Rope yielded and ftretch'd as he ſtood upon the 
Cylinder, ſo that when the Extenſors of the Legs and Thighs had done 
their Office in bringing his Legs and Thighs ftrait, he was forced to raiſe 
his Heels from their Bearing, and uſe other Muſcles that are weaker. But if 
the Rope had been ſo fix*d, that the Part to be broken had been ſhort (in 
the Manner explain'd in the 7th Annotation of this Lecture) it would have 
been broken with four times leſs Difficulty. 

9. 1 have ſeen him lift a rolling Stone of about 800 lib. with his Hands 
only, ſtanding in a Frame above it, and taking hold of a Chain that was 
faſtened to it. By this, I reckon he be almoſt as ſtrong again as thoſe 
who are generally reckon'd the ſtrongeſt Men, they generally lifting no more 
the 400 lib. in that manner. The weakeſt Men, who are in health and 
not to fat, lift about 125 lib. having about half the Strength of the 
ſtrongeſt. NM. B. This ſort of Compariſon is chiefly in relation to the 
Muſcles of the Loins ; becauſe in doing this one muſt ftoop forwards a lit- 
tle, We muſt alſo add the Weight of the Body to the Weight lifted. So that 
if the weakeſt Man's Body weighs 150 lib. that added to 125ltb. makes the 
whole Weight lifted by him to be 275 lib. Then if the ſtronger Man's 
Body weighs alſo 150 lib. the whole Weight liſted by him will be 550 lib. 
that is, 400 lib. and the 150 lib. which his Body weighs. Topham weighs | 
about 200 lib. which added to the 800 lib. that he lifts, makes 1000 lib. But 
he ought to lift 900 lib. beſides the Weight of his Body, to be as ſtrong 
again as a Man of 150 lib. Weight who can lift 400 lib, ; 

Now as. all Men are not proportionably ſtrong in every Part, but ſome 
are ſtrongeſt in the Arms, ſome in the Legs, and others in the Back, ac- 
cording to the Work and Exerciſe which they uſe, we can't jadge of 2 

8 | | i 


by ay 
* IT 


5 


: W 
WISE, 3p 
Ree ee 
, 7 . eD 
. a 


* . 
ard 
n 

255 3 5 


r 
2 


* 
FOR 
Fa, 


3 
Wh 


AIM. 
Rey, 

Men 
EY 

ag 


N a 75 * 5 ; EE. ; ' * e 
7 | | | | 7 5 | | | 
NSD 


1 * 
n 
"Fs 9 
FOLIO AE 


F ou: 8 9 [52949 
8 93 ; * Youu 75 fi N 8 
1 1 5 l þ 
ee au 75997 n 79 I _ 2 = = 
Ty Pos our L 
9 * * 2 8 


Hy 7 
Dee 
' e 

8 


I 


8 


WS 


44x 


iſ 


e 
* 


2 


n 
* 
4 4 . 


$7 
As) 


3 


7 


oe * 8 We 

8 ” 
Dads WY 8 
4 * 


* 


I 
Ava Wk 
n 


A 


Es 
Saf 


N 


SIE N N 
: 8 . 
2. ; SEATS) 

2 ERS 1 

X e 


SIRE 
* PHE 
n 

nee 


DIR. 
See, WE 


Sn Jl 


(2p | 
(ING 1 N EE W 


* 

4 

ID 
a” 


-= x 
Py», 


* 


ih 


2 
| D >s 
— 


I 


* —— 


2 

7 

lf 

U 
aaa 


ff 


Vw 


* 

00 

20 
"fit 


LU 
4 
d 


| 
ji 
2a 
* 


l 


| 
| 


4 
N 
* 
ar 


CONN 
=— 


— == - 
itt) 


n 


n 


— 
— 


bw 


TH 


it 


nil 


Free 


LO 
U er „„ 
km eee 
At iti tte M 


J, Ton 

ETTITTTTITTTTTTT — M111. SE 4 1044318215 0704416 
COMM Co oped Malti i 
ane, 
o il 

Tm: 


0 


nne 
HIKE 


* 


A Courſe of Experimental Philoſophy. 


291 


Man's Strength by lifting only; but a Method may be found to compare to- Annotat. 
gether the Strength of different Men in the fame Parts, and that too with- Lect. IV. 


out ſtraining the Perſons who try the Experiment, 


Here follows the Manner of doing it, which was communicated to me by 
Richard Graham, Ey; F. R. S. To which I made ſome ſmall Additions. 

But the firſt Hint was: from My. Geo. Graham. 

| Plate 23. Figure 5. | 
ABCD is a ſtrong Frame of Wood with an Hole thro? the upright 
Piece D C, at D, big enough to receive an Iron cylindrick Bar of an Inch 
Diameter or ſomething bigger ; a ſtrong Iron Plate being fix*d on each ſide, 
that the Iron may not gull the Hole. This Bar has a Square upon it, whoſe 
Side is about an Inch and -one eighth, to receive the two ſeparate and une- 

ual Arms of a bended Leaver D F, and D E; and then a ſtrong Nut d is 

crew*d over them at D, to keep all tight. The Arm D E, which as a Stil- 
yard is to carry a great Weight W, is kept from falling below an horizon- 
tal Poſition by an Iron Pin at K, which ſtops the ſhort Arm D E from in- 
clining towards G; but both Arms are moveable round the Axis D, to- 
wards e, or N. The Arm D F has a round Croſs-Bar at top, about ſix In- 
ches long, as * ſeen in its ſeparate Repreſentation 4 f. To the up- 
right Timber A B, is made faſt the Iron L N, with a Croſs alſo at top 
(ſee 1) and Holes for Iron Pins to faſten it in its place. There 1s 
alſo another ſtrong piece of Iron H GI, faſten'd to the Timber that car- 
ries the Leaver by a ſtrong Wooden Screw at I, and the Pin K going thr## 
its Wings and the Timber. See its ſeparate Figure at hg I. S1sa Collar 
to put on, when you don't uſe the upright Arm of the Leaver. M is the 
Center of Gravity of the Stilyard D E. | 


1. To try one's Strength by means of the Machine; with the left Hand 


take hold of the round part of the Croſs at N, and of the round parr of 
the Croſs at F, with the right Hand, and bring your right Hand towards 
the left, in the Direction of FN, which will move DE, and raiſe the 
Weight W. When you can juſt raiſe it up ſo as to make F D, quit the 


ao an 


Pin at K, the Force of the Arms will thus be found. Multiply the Weight 


W, (ſuppoſe an half hundred, or 56 lib.) by its Diſtance from the Center 
W D, (which we will ſuppoſe here 15 Inches) which will give 840 for the 
Momentum of W, on the Stilyard : Then add to it the Momentum of the 
Stilyard it ſelf, which you will have by finding what Weight can draw up 
the Stilyard by its Center of Gravity, namely, the Weight ww (Fig. 6.) 
which draws it up by a String going over the Pulley C; and multiplying 


that Weight by MD, its Diſtance from the Center (which we will here 


ſuppoſe 10 Inches) you will have 60, which being added to 840, make the 
Sum 9oo, and that Sum, divided by F D the Diſtance of the Power, will 
give 90 lib. for the Force of the Man's Arms who applies his Hands at F 
and. N. If another Man raiſes double the Weight at W + ſo much Weight 
as will anſwer to double the Weight of the Stilyard at M, he is twice as 
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. Annotat. ſtrong. The removal of the Weight W towards E will alfo ſerve to ſhew 
Left. IV. how much the Force is greater, inſtead of adding Weight at W. + 


The ſame way may be found what Force the Arms can exert in pulling 


— mmm 
I FI. 23. F. 5. from each other, by applying one Hand at F, and the other at H. 


And to try the Force with which Topham bent the Poker bearing behind 
his Neck; a Man muſt put a Strap round his Neck, which muſt be faſten'd 


to F: then the Head being " prod on the Side N, of NL, with both his 


Hands he muſt take hold of the Croſs at N, and puſh forwards with his 
Hands, all the while pulling backwards with his Neck, to bring F to- 
wards N. þ 8 | 


2. The ſixth Figure is another wooden Frame with the upright Timbers | 


* P.23.F.6. AB, C O, alittle farther aſunder. So that a Man may ſtand upon the ſtrong 


+Pl. 


Plank F G, and with the Girdle and Chain thro* the Hole H, pullup the 
Stilyard D E by the Hook I; which Stilyard in this Caſe has not the upright 
Piece.F D, bur inſtead of a bended Leaver becomes a Leaver of the third 


kind, where D I is the Diſtance of the Power, and DW the Diſtance of 


the Weight; and therefore "OLED vill be the abſolute 
Weight that is lifted, or Force of the Muſcles extending the Legs, But 
here the Weight of the Trunk of the Body muſt be added, and conſider'd 
according as ſome Men are heavier than others. N. B. The Notch K Bin- 
ders the Leaver from falling below the horizontal Situation ; and w drawing 
over the Pulley C, ſhews -how the Leaver acts at its Center of Gravity: So 


„bat when weis hung on, the Leaver is to be look'd upon as an Inſtrument with- 


out Weight. 


3. The ſeventh Figure F has the Stilyard at D E with a wooden Cy 


linder of an Inch and an half, or two Inches in Diameter, upon its Axis 


continued behind at D F, which Cylinder is drawn ſeparately at 4 f, and 


its Iron Axis at g B, and the Nut at i. 

4. The eighth Figure Þ repreſents a Machine to try the Strength of the 
Fingers; in which, when you thruſt the Fore- finger under G, and the 
third Finger under H, which are fix*d Points, the middle Finger may puſh 
upon N to lift a Weight at W, in the ſame manner that Topham breaks 
the Pieces of Tobacco-pipes. If the Hand being held with the Palm up- 
wards, the two firſt and two laſt Fingers be thruſt in under G and H, and 
the Thumb preſſes upon N, that will ſhew in what manner the tops of Pew- 
ter Pots and Silver Tumblers have been ſqueez'd together by Men very 
ſtrong in the Fingers; and thus will be ſhewn the Strength that any Man 
can exert for ſuch an Action, Cc. N. B. The gib Figure is only part of 
ihe 8th Figure drawn larger. . 


LECTURE 
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LECTURE v. 
Concerning Sir Iſaac Newton 's three Laws 


of Motion. 


be call'd Mechanical, or enumerated among the Inſtru- 

ments, commonly, but erroneouſly called mechanical 

Powers ; which I purpoſely omitted (or only mention'd without 
explaining their manner of acting) in the third Lecture ; becauſe 
the Knowledge of the Laws of Motion is neceſſary for underſtand- 
ing upon what Principle they act: And ſuch are the battering Ram, 
the Hammer or Mall, the Fly, the circular Pendulum, the Sling, and 


the Bow or Spring. | 


1: 53 HERE are ſeveral Organs or Inſtruments, which may 


I SHALL therefore in the firſt place conſider thoſe Laws, and 
draw ſeveral Corollaries or Conſequences from them, which I ſhall 
illuſtrate by Experiments, and apply them among other Things to 
explain the Uſe of thoſe Inſtruments. 


L MF + 


Every Body perſeveres in a State of Reſt, or of uniform Motion 
in a right Line, unleſs it be compell'd to change that State by 
Forces impreſs'd thereon. | 


2. THERE is in all Matter (whatever kind of Body it be ſhaped 
into) an Inactivity, whereby it reſiſts any Force that endeavours to 
make it change its State, in proportion to its Quantity of Matter 
and this is call'd the Vis Inertiæ, or Force of Inactivity. For it is 
as impoſſible for a Body to go into Motion of it ſelf from Reſt, as 
to change its Shape from one Figure to another. This is evident 
to Senſe, and I believe no body doubts of it; but the ſecond Part of 
this Law does not appear ſo evident without a little Attention. 1 
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WE ſce plainly that there muſt be ſome extrinſecal Agent or Power 
not eſſential or belonging of neceſſity to the Body, to put it into 
motion: but we don't ſo readily perceive that a Body in motion 


would continue to move for ever without the Action of an extrinſecal 


Agent; becauſe we ſee Bodies here on Earth gradually loſe their 


Motions, and for want of attending to all the Cauſes that deſtroy 
the Motion of Bodies, we often imagine that Motion languiſhes, and 
at laſt quite periſhes of itſelf, But if we conſider what external 


Cauſes retard and deſtroy Motion, we ſhall ſoon perceive that if 


thoſe Cauſes were remov'd, a Body once put into motion in any 
Direction would continue in that Motion and Direction for ever. 


A STox thrown forwards with the Hand goes on with the Mo- 
tion that it has received from the Hand, and would continue in 


that State of Motion for ever, if there was neither Air nor Gravity, 


When we conſider the Reſiſtance of the Air, it is evident, that the 
Body in going forwards muſt remove the Parts of the Air to make 
itſelf way ; and as it muſt communicate Motion to thoſe Parts which 
it removes, ſo much Motion as it communicates, ſo much itmuſt loſe; 
ſo that after ſome time, and having gone through a certain Space, it 
muſt hang in the Air immoveable, that is, if nothing but the Air 
acted upon it. But beſides the Air, Gravity (which ts a Force puſh- 
ing downwards) alters its Direction, and brings it gradually to the 
ground. This Endeavour, which every Body has to continue in its 


State of Motion, does not ſeem to ſome to be properly call'd a Force 


of Inactivity (Vis inertiæ ;) but when we conſider that the Body is 
purely paſſive, neither augmenting nor throwing off any of its Mo- 
tion of itſelf, we ſhall find it to be entirely inactive even in that 


State. Thus when we ſtand by a River- ſide, and obſerve a live 


Fiſh carried down the Stream, he is wholly inactive in that Motion, 


and continues in that Motion all the while he is inactive: it muſt 


be an Action exerted (equal to the Force of the Water) that will 
make him come to Reſt, and appear ſo in reſpect of the Spectator on 
the River-ſide. 


SUPPOSE a Man exerts a certain Force to roll a Bowl on a Bowling- 
green neither mow'd nor roll'd, and can only throw it 20 Yards with 
that Force; when the Green is mow'd, he ſhall with the ſame Force 


throw it farther, 30 Yards for example: then if the Green be roll'd 


as well as mow'd, the fame Force may throw the Bowl (for exam- 


ple) 40 Yards : and ſtill if more of the Obſtacles are taken away, 


the 
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the Bowl will yet go farther. Whence one may eaſily conclude, that Lect. V. 
if the Plane on which the Bowl rolls could be made perfectly ſmooth wwe 
and mathematically true, the Bowl truly ſpherical, and the Reſi- 
"ſtance of the Air wholly taken away, the Bow! would for ever roll 
(or rather ſlide) on that Plane if it was infinitely extended. 


3. Wx have ſhewn by a Quotation from Sir 1/aac Newton (L. 3. 
Ne. 85.) that if a Body be acted upon by two Forces whoie Di- 
rections make any Angle, the Body will move in the Diagonal of 
a Parallelogram, two contiguous Sides of which repreſent (by their 
Lengths) the reſpective Quantity of thoſe Forces, and (by their 
inclination) their Directions: and alſo that the Body will go thro' 


the whole Diagonal by the Action of the ſaid two Forces *, in the * Ann. 1. 


fame time that it would have gone thro! either of the contiguous 
Sides, if only one of the Forces had acted upon it. 


Turs is not fo readily conceived by thoſe who are not accuſtom'd 
to mathematical Reaſoning ; becauſe, while they obſerve the Action 


of one of the Forces, they do not attend to the other: but it will 


appear very evident, by — ſuch Cafes wherein the Space 
in which the Body moves is carried “ in a different Direction * 
that whieh the Body appears more immediately to be moved in. 


As for example, let us ſuppoſe T S (+ Pl. 23. Fig. 10.) to be a *plaz.F.o. 


Tragſchuit or Dutch travelling Boat (I mean the Plan of it) Hg G, 
the Canal in which the Boat goes in the Direction T, and A and 
B two Perſons ſitting over- againſt one another in the Boat. Now 
let us ſuppoſe the Perſon at A toſſing any Body, as for example, a 
Ball, to the Perſon at B, and ſo reciprocally: all the People in the 
Boat will conſider the Ball fo toſs'd as only moving in the Line AB, 
whether the Boat ſtands {till or goes on along the Canal, tho' there 
be but one Force acting upon the Ball in the Direction AB when 
the Boat ſtands ſtill, whereby it really moves in that Line; but when 
the Boat goes along, another Farce in the Direction Aa does alſo 
at the ſame time act upon the Body, which by that compound 


Action is really carried in the Line A 6, tho' the Perſons fitting by 


fancy the Ball to go till in the Line AB, becauſe they are carried 
along too, and forget that the Force which draws the whole Boat does 
alſo carry the Ball along, which is a part of it, as well as themſelves. 
Now this will be evident to the Sight of a Man that ſtands upon the 
Bank at C; for when the Boat ſtands {ti.1, he looking towards D on 
the oppoſite Bank, ſees the Ball move (as it really does) in the _ 

AB 
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Lect. V. AB. But when the Boat moves and goes from the Poſition T to 
w— the Poſition ?, in the ſame time that the Ball moves acroſs from the 
Perſon at A to the Perſon at B, it is plain (and will be ſeen by a Man 
on the Bank at C) that the Ball moves in the diagonal Line A 5, be- 


= 
4 K N * . 
— 2 N 1 a 0 n a 6 1 
r r 2 Dee. . e « "IP » 


op wii lon oepmngert e nat 


| cauſe the Perſon who was at B does not receive it till he is carried þ 
| to þ by the Motion of the Boat; which his Oppoſite (being at the K 
3 ſame time carried to a) does not attend to, tho' the Thing be fo vi- 2 
| ſible to the Man at C. Vet if the Man at C ſtood upon a Plank at 4 
AC faſten'd to the Boat, being then carried along from C to c, he * 
4 would not diſtinguiſh between the Line AB and the Line Ab, but 15 
bt (when he came to c) ſuppoſe that the Body had mov'd in the Line MW 1 
H ab, which he would miſtake for AB; unleſs looking over the Ca- * 
4 nal, he ſhould conſider that he no longer ſaw the Point D over- againſt d 
4 him, but the Point d. Thus, in a Ship, if a Man ſtanding on the 0 
by Deck near the Maſt toſſes up a Stone to another who ſtands on the * 
|. Round Top, or receives a Stone dropp'd from thence, the Stone F 
= will move parallel to the Maſt (ſuppoſing the Maſt upright) whe- of 
= ther the Ship be at Anchor or under Sail; tho' in the firſt caſe the 
Stone moves perpendicular to the Horizon, and in the laſt caſe 
E oblique to it, as it riſes or falls in the Diagonal of a Parallelogram, W 
'2 whoſe contiguous Sides repreſent the two Forces acting upon the R 
? Body, the one perpendicular, and the other parallel to the Horizon ; _ 
juſt as in the laſt Inſtance, the two Forces AB and Ag acted upon 10 
the Ball horizontally projected in the Boat. 5 a] 
N. B. Whether the Boat goes faſter or flower (in which caſe 5 
Ab becomes longer or ſhorter) the Ball will perform its dia- H. 
gonal Motion in the ſame Time; for ſince the Force AB con- ths 
tinues the ſame, all that is done by the lateral Force Aa is th, 
only to make the Ball come to a different Point of the Line Bn, FR 
as m or b or n, inſtead of B; while the Force AB in the ſame 2 
Time carries it croſs the Boat, or from ſome part of the Line thi 
Aa to ſome part of the Line Bb. 7 of 
| r 
I Have been the more prolix in this Explication, becauſe J have - 
met with a great many Perſons of good Senſe, who for want of At- 42 
tention have not been able to conceive this compound Motion, on Sid 
which all Mechanicks are founded. For this reaſon J have ſub- ON 
Join'd variety of Experiments to the ſame purpoſes ; becauſe if one the 
don't, another may, convince, _ = 5; 
| | for 


Expp- tior 
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ExPERIMENT I. PI. 23. Fig. 11. 


Tu Machine of Plate 23. Fig. 11. conſiſts of a Braſs Plate 
ABCD, upon which another Plate IK LM ſlides forwards and back- 
wards in the Direction TS or ST, between the Rulers A DandBC, 
under the Edge of two other Rulers EF and GH, of which EF is 
2 little Rack with Teeth to receive the Teeth of the Wheel N, 
which is faſten'd to the Plate IM KL by the Cock NO, and turns 
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Yu — 


n 


round its Axis N, as the ſaid Plate is puſh'd forwards and backwards. 


The Wheel in its Motion along EF carries another Rack PQ at 
right Angles to the former, either to the right or to the left, accor- 
ding as the Axis of the Wheel at N is puſh'd in the Direction TS 
or ST. This laſt Rack has an Arm SR with a little Socket at R to 
receive a black -lead Pencil, which according to the Motion of the 
End R will draw a black Line upon the Paper on which the Ma- 
chine is to be laid. 


Tur RRE muſt be drawn upon the Paper a Square ef gh, one of 
whoſe Sides is equal to the Diſtance between the Edges of the 
Rulers AD and BC. Then having puſh'd up the Wheel N as far 
as it will go, lay the Machine upon the Paper, fo that its End AB 
may be parallel to gh one fide of the Square above-mention'd, at ſuch 
a Diſtance as to have the Point of the Pencil fall upon the Point e, 
and the Edge of the Rack PQ over the Line a5: then with one 
Hand prefling down the Plate ABCD of the Machine at T, to 
keep it immoveable upon the Paper, pull down the Cock NO in 


the Direction ST a Length equal to eg; and the Pencil, inſtead of 


deſcribing the Line eg, will deſcribe the Diagonal Line eh, becauſe 


as the Wheel in its Deſcent is turn'd round by the Rack EF, it 


throws the Rack PQ to. the left, juſt the length of ef, by means 
ol the Teeth in the ſaid Rack, and the Slit in it which lets it go late- 
rally along the Pins IM by the Action of the Wheel, while the ſaid 
Pins bring it perpendicularly down from the Line a6 to the Line d c. 
And to ſhew that the Diagonal is deſcrib'd in the ſame time that the 
Side eg would have been deſcribed if there had been no lateral Mo- 
tion; take off the Wheel, and then the Pencil's Point will deſcribe 
the Line eg, while the Cock is drawn down the ſame Length as 
before, or puſh'd up again. This ſhews that it is the ſame thing 
tor a Body at e to be acted upon by two Forces in the Direc- 
tions ef and.eg, as to be carried from the Line eg to the Line 


Yor 1. | Qq F b, 


. * 
1 * W 2 PI cd 
1 3 * 8 S of Arad 4.4404 
* 8 * — — 
I oh 8 ne ee 
2 va, x . 3 . D 2 * 
= 
2 l o - 
* N 2 I a AP p b een r 
9 ee . e — wo ft Fes N 
. 5 n , 


* 


A W os. ibid 

. 4 P 

** ae 0 
$A" 


* 


w_ 
5 
k- 

Ss 4 

4 
«& 

6 
49 
c oY 
3&Y 
wy 
ith 
2 
1 
7 
4 © 

1 

2 

8 
if 

I 

4 

.= 

1 TS 

7 

5 

4 

Rc 

1 

at 

1 

2 

24 

„ 

* 

% 

#4 

11 

bf 

E 5 

5 

vv 


* 
31 8 
1 
3 5 
* 
1 


185 
-2 
> 
Þ! : 
21 
1 
* 
1 
4 « 
3 
* 
* : 
* 
; = 
-Y 
© 
. 
"243 
* 1 
1 
v3 
1 
1 
'F 


ern.. 
% __ n 


7 Go, fri 
4 * 


3 
TY 


D n ere LET Be tt. 
© S625 


wo i oi $a, 


— 


298 A Conrſe of Experimental Philoſophy. 


Lect. V. F b, at the fame time that it is brought down from the Line e F to 


wY— the Line gh. 
ExPERIMENT II. P. 23. Fig. 2. 


Plate 23. THE 12th Figure of Plate 23 is a ſquare Frame of Wood, of 
PS 12 which the part CDBE is to be ſet up on its Side BE, whilſt the 
other part of it cde is drawn out of its Groove into the Poſition 
d 4 £e; by which means the Ball A is made to deſcribe the Dia- 
onal A à aſcending, and the fame Diagonal deſcending is deſcrib'd 
when the ſliding part is puſh'd back into the Frame in the Direction 
A d. There is a Wire A e fix'd to the ſliding part for the Ball to 
move up and down on, and a String 5c which goes thro' an Hole 
in the Pieces dc and D C, ſo as to have its End faſten'd at C; by 
which means the Ball muſt rife when d & e is drawn out laterally; 
and it falls back again by its own weight when 44 ee is puſh'd in 
again: and when d ee is left in its containing Frame, the Ball | 
will riſe and fall by pulling or letting go the String Cch. If the 
Wire Ac be conſider d as a Rope parallel to the Maſt of a Ship, 
what we have faid of a Body let fall from the round Top of the 
Maſt, and moving parallel to the Maſt, (whether the Ship be at 
Anchor or under Sail) by one, or two Forces acting upon it, will 
be illuſtrated. | 


Bu T as J have heard ſome object, that this, and the laſt men- 
tion'd Machine, did indeed, by the Contrivance of them, wake a 
Body move in a Diagonal ; but they did not prove that Nature 
acted that way : I have made the thing evident to Sight by the 
following 


EXPERIMENT III. P. 23. FR. 13. 


= — TAE round Table GE F D ſtands upon a Pivot P, and has an 
= "8-12  Hple on each Side of its Center half way from the Circumference, 
1 at A and B. At right Angles to the Line that goes thro A CB is 
| | drawn a Diameter DE, and from ſeveral Points of that Diameter 
E equally diſtant from the Center on each Side, are drawn the 
Rhombs or equilateral Parallelograms, DAEB, d Ae B, and A 
s B. The Ball D has two Strings faſten'd to it at the ſame Point, 
and thoſe Strings being carried thro” the Hole AB, have hanging at 
their End two equal Weights W and X, which by the joint Force 


wy 
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of their Deſcent will bring the Ball D to reſt upon C the Center 
of the Table, whilſt the parts of the Strings on the Table are in 
the Line A C B. If the Ball D be pull'd back to &, d, or D (whereby 
the Weights W and X will be rais'd up, and the Strings will lie up- 


on and have their Directions in the contiguous Sides of one of the 


Parallelograms) as ſoon as you let it go again, it will run in the Line 
DE, which is the common Diagonal of all the Parallelograms ; as 
may be beſt perceived by holding one's Finger or a Wire at the Cen- 
ter C, which the Ball will ſtrike in its Motion. Here it is plain, 
that the natural Gravity of the Bodies Wand X is the only Force 
(divided into two equal Parts) which acts upon the Ball D, and 
that whether the Directions of thoſe Forces be at acute, right, or 


obtuſe Angles, the Ball is ſtill carried in the Diagonal of a Paral- 


lelogram of equal Sides, repreſenting equal Forces. But if one of 
the Weights as W, be taken as heavy again as the other, the Ball 
from D, d, or d, will run in a Direction between A and C; and 
not run over the Center till you let it go from F, in which Caſe the 
two Strings will make two contiguous Sides of the Parallelogram 
F AGB, whoſe Proportion to each other is alſo as Two and One; 
the Diagonal being FC G, which paſſes thro' the Center. 


I x was objected to Galilzo, when he aſſerted the Motion of the 
Earth, that if the Earth did turn round from Weſt to Eaſt, a Can- 


non-Ball ſhot upright, would not fall down in, or near the Place 


from which it was ſhot (as we ſee by Experience it does) but move 
to the Weſt according to the ſpace of Earth that had been carried 
towards the Eaſt, during the Riſe and Fall of the Ball; which he 
anſwer'd, by ſaying, that the Ball is acted upon by two Forces, One, 


that of the Powder, which throws it up ; and the Other, that of 


[the Earth, which carries it to the Eaſt, making it in its Riſe de- 
{ſcribe a Diagonal Line towards the Eaſt, and from the upper End 
of that Diagonal, another Diagonal Line alſo towards the Eaſt in 


its Fall. He alledg'd the Caſe of the Ship that we have already 


mention'd. But nothing will make the Thing ſo plain as the fol- 
lowing, 


Og  - | ExPE- 
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ExPERIMENT IV. PI. 24. Fig. 1. 


To an horizontal Piece of Wood GH, fix'd about 10 Foot above 
the Floor of my Room, I ſcrew'd the two Hooks Ss, and by means 
of four Strings hung on the ſaid Hooks, the Braſs Plate or flat Pen- 
dulum ABCD, which (by reaſon of the Diſtance of the Strings at 
their Points of Suſpenſion Ss) perform'd its Vibrations in a circular 


Arc over the graduated upright wooden Plane EF which ſtood un- 


der it, the Center of the Pendulum never moving out of the Plane 
of the Wood as it vibrated in the Direction EF, or back again, at 
the Diſtance of about nine Foot from the Piece GH. Over the 


two Pullies I, K, ſcrew'd into the upper Side of the Piece GH, ran 


the String LkI W, whereby the Weight W might be let down upon 
the Pendulum ABCD, or lifted off from it at pleaſure; there be- 
ing an Hole thro GH, juſt under the Circumference of the Groove 
of te Pulley I. 


Le r the Pendulum (the Weight W being upon it) be drawn out 
of the Perpendicular to E, and then, when it is looſed, it will vi- 
brate towards F, and ſo back again towards E, Sc. for a conſiderable 


Time. During that Motion, if by pulling the String at L the Weight 


W be lifted off of the ſwinging Plate, and then let down again, it 


will always fall upon the ſame Part of ABCD, tho' ABCD be 
mov'd a great way out of its Place during the Time that the Weight 
W is off of it; and that, at whatever Part of the Vibration W is 
lifted off, and at whatever Part of i it, it is receiv'd again. For tho 
the Force of the Hand pulling the String i is the Cauſe of the Riſe of W, 
and Gravity the Cauſe of its Deſcent; yet it has alſo another Force act 
ing upon it, which moves it in the Arc of Vibration, as Part of the 
Pendulum compounded of AB CD and W. Juſt fo as any Part of 
the Earth, on which a Cannon 1s ſet upright, is carried from Meſt to 
Eaſt, by the Motion of the Earth round its Axis; the Cannon Ball 
ſhot up, beſides the Motion receiv'd from the Exploſion of the Pow- 


der, has another Force impreſs'd upon it by the Earth's Motion, 


as it is a Part of the Earth, and is carried from Maſt to Eaſt in the 
Air, as well as the Cannon is upon the Earth, ſo as to fall down 


again into, or near, the Mouth of the Cannon. 


A CANNON-BALL or any other Projectile never deſcribes a right 


Line in its Motion, but when it is thrown perpendicularly up or 


down, 
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down, which right Line of Aſcent or Deſcent is the Diagonal of Lect. V. 


301 


a Parallelogram, as we have already ſhewn ; but when the Boy 


„ is thrown horizontally or obliquely , it deſcribes a Curve 
call d a parabolick Line. Now this Curve is made up of an infi- 
nite Number of ſmall Diagonal Lines, that continually change as 
the Directions of the Forces alter in "the Body's compound Mo- 
tion, which is eaſily explained from what has been faid of the Ac- 
tion of two Forces, and the Conſideration of the Acceleration of 
Motion in the Fall of Bodies; which (as it is a Fact and Matter of 
Obſervation) muſt be now taken for granted; tho' we ſhan't ex- 
plain the Cauſe of it, but in the Explication of the ſecond Law of 


Nature. 


LET a Body at A (* P/. 24. Fig. 2.) as for Example, a Cannon- pl. 22. F. 2. 


Ball, be ſhot forward in an horizontal Direction AF, ſo as to move 
with a determinate Velocity ; for Example, 4 Rods in a Second of 
Time, or from A to B. It is evident by the Firſt Law, that it 
muſt the next Second go on in the fame Direction thro' the ſame 
Space, ig. from B to C, and ſo to D, then to E, then to F, Sc. 
It is alſo plain, that if there be another Force whoſe Direction is 
at right Angles to the Line AF, as in the Line AL, which is 
perpendicular to the Surface of the Earth, (or to take the thing 
more generally, a Force preſſing from the Line AF towards the 
Line Lf,) the Action of this laſt Force upon the Body ſetting out 
at A will neither accelerate nor retard its Motion from the Line 
AL to the Line BM, nor from the Line BM to the Line CN, 
nor from the Line CN to the Line DO, nor from the Line DO to 
the Line EP, nor from the Line EP to the Line F/; but only 
cauſe the Body to go thro' different Points of thoſe Lines inſtead of 
the Points B, C, D, E, F. Now I fay, that 5, c, d, e, and f, will 
be the Points of the Lines BM, CN, DO, EP and F ft, which the 
Body will go thro'. The Force prefling downwards in the Direc- 
tion AL is the Force of Gravity, by whoſe Action it is obſerv'd 
that Bodies fall with an accelerated Motion, in ſuch Manner that 
1n the firſt Second of Time a Body falls 1 Rod (or 164 Feet,) the 
2d Second, 3 Rods; the 3d Second, 5 Rods; the 4th, 9 Rods, &c. 
which Spaces are here expreſs'd by AG, GH, HI, IK, and KL. 
An if the falling Body, during the Time of its Fall, be acted up- 
o by another Force in an horizontal Direction, as in the Direction 
HF, (or rather from the Line AL towards the Line F V) that Force 


will not at all diſturb the uniform Acceleration of the Motion of 
the 
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43 Lect. V. the deſcending Body, but only make it fall to ſome other Point of 
HY w=Y— the Line L f (or of the Surface of the Earth) than the Point L, as 
= for Example to the Point f. 
= Tr ſeveral Points of the Curve | in which the Body moves will 
_ |; be thus found. The Body at A is acted upon by the two Forces 
= AB and AG; the Lines G and B, reſpectively equal and pa- 
= rallel to AB and AG, compleat the Parallelogram A: conie- 
= quently the Body muſt move in the Diagonal AS. The Body at 5 
: # is acted upon horizontally by the Force & & equal to AB (or 
# brought down from BC) and at the ſame time by the Force 6 þ x 
5 increas'd by Acceleration from 1 to 3, and transfer d from G H to 2 
4 bh ; for as without the horizontal Force, it would in the 2d Second : 
'Þ of Pre have carried the Body trom G to H (as it is not alter'd in 5 
# the Quantity of its Effect by the horizontal Force) it will there- 
5 fore be able from 4 to carry down the Body to %; but the horizon- | f 
N tal Force 5 E acting at the ſame Time, does in the ſame Time car- f 
* ry the Body from the Line 5 # to the Line 5 c, as the Force 5% 7 
. carries it from the Line „ to the Line bc; and conſequently at F 
3 the End of the 2d Second of Time the Body will be at c, where the 
1 two above-mentioned Lines meet, having deſcrib'd the Diagonal M 
4 þc by the joint Action of the Foro bk and Eb. The Body at c 1s ö 
: ' acted upon by the horizontal Force c, (SCD) and the perpen- f 
4 dicular Force ci (fo increas'd as to be = HT) at the ſame Time; . 
a therefore the Body will go in the Diagonal c d. For the ſame Rea- p 
4 ſon, when the Body is at 4 it will go in the Diagonal de of the B 
4 Parallelogram dee x, by the joint Action of the Forces d « and 1 
4 dx; and fo from e it will go to f in a new Diagonal, vag. that of (- 
4 the 7” eo} !, by the Action of the two Forces e @ and be 
b SCHOLIU NM. 360 
43 IF we had divided the Time ofthe whole Motion into more, and a 
Y therefore leſs, parts; we ſhould have had more Diagonals from A, the N 
1 Beginning of the Fall of the projected Body, to f the End of it, + 
5 | which would have made its way Abcdef more curve by having th 
+ | more changes of Direction in it. Now as the Motion of Bodies _ 
| | downwards by the Force of Gravity is continually increaſing (or the Rt. 
„ Line AG continually becoming longer) and not increaſing by Fits, as 0 
we have 3 d it, to make the Action of the two Forces the better "oY 
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conceiv'd, there is a continual Change of Direction in the Motion Let. V. 
of the Body forwards and downwards (or the Diagonals become 
infinitely 1 ſo that it deſcribes a Parabola in going from A 


to . 
TH1s may be illuſtrated by the following 


ExeBRxiMEN NT V. 


Fi HE Machine repreſented by the zd, Ach, and 5th Figure of Pl We 


Pl. 24. was contriv'd by Dr. 's Grave/ande (Profeſſor of Mathema- 
ticks and Aſtronomy at Leyden) to make this parabolick Motion 
of Projectiles evident to fight. AB GF is a ſolid Piece of Wood 
4 Inches high and two Inches thick, ſtanding up upon its End FG, 
and ſet upon the board or flat Piece PE, which has a little ſhallow 
Pit at E to be fil! i with ſoft Clay; fo that when the Ball B falling 
from B̃ along the carve Surface B &, (which is made very ſmooth, or 
faced with Braſs or planiſh'd Tin) and deſcribing in the Air the 
Parabolick Line 6 , E, it may make a Mark to ſhew exactly the 
Place where it fell. The Piece G (Fig. 4.) is ſometimes to be put 
on upon GE of Fig. 3. where the prick'd Lines repreſent it at G 
4, having alſo a Pit to fill with Clay to receive the Mark of the 
Alling Ball at J. The Piece K (Fig. 5.) is to be put on over it up- 
on Occaſion, where it is repreſented by the prick d Lines 1 3 x, to 
intercept the falling Ball, and ſhew by the Clay in its Pit where the 
Point », of the Line 6 x, falls. There is alſo an upright Board 
B D E to be taken off and on upon Occaſion, on which are faſten'd 
the 3 Rings 7, 7, r, thro' which the Ball will move when it de- 
ſcribes a Parabola from & to E; the Pieces of Fig. 4. and Fig. 5. 
being then remov'd. | 


Tur Height BC, or the Diſtance beween the Line AB D and 
the Line C4cde, is of ſix Inches; and the Height & G is of nine 
Inches, being divided into three unequal Parts, of which the upper- 
moſt contains 1 Inch, the next 2 Inches, and the loweſt 5 Inches. 
Now if the Time, in which the Ball falls from btoG, be divided into 
three equal Parts (which we will here call Inſtants) the Ball will in 
the firſt of them fall the firſt Space mark'd 1, that is, one Inch; 
and in the next Inſtant the Space 3, or 3 Inches; and in the 3d In- 
ſtant the ſpace 5, or 5 Inches. N. B. This happens on account of” the 
accelerated Motion, the Cauſe of which ve ſhall explain in confider- 
ing the JOE Law of Motion. W hen we let the Ball fall from 
B, 
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Lect. V. B, and it rolls down along the curve Surface B 5, it has acquir'd 
◻Ꝙ ſuch a Velocity at & as is able to throw it forwards (double the Di- 
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ſtance B C or Height from which it fell) by an uniform Motion, 472. 
from 5 to e, in the horizontal Line 5 de, if it was not forc'd out 
of it downwards by the Action of Gravity; but Gravity neither 
accelerates nor retards its Motion forwards, only makes it come to 
the Point E inſtead of the Point e, in the fame perpendicular Line, 
and in the fame Time. And if we conſider two other Points of 
the Parabola 5 x & E, v2. x and d, we ſhall find, that the Ball which 
in the firſt Inſtant of Time muſt have gone to c by the horizontal 
Motion or projectile Force, is brought down by Gravity to x ; and 
inſtead of being carried to d the ſecond Inſtant, it is brought to 4 
in the Parabola, which Point is directly under d, and in the ſame 
horizontal Line as the End of the 4th Inch or 2d Space in the Line 
of Fall 8. To prove it experimentally ; put on the two Pieces G 
and K of Fig. 4, and 5. then letting the Ball fall from B, it will run 
down the Curve B, and then in the Air go from & to x, where it 
will make an Impreſſion on the Clay. Take off the Piece of Fg. 5. 
and let the Ball roll down again from B, and it will fall on the Point 
4% as will alſo be ſeen by its Impreſſion on the Clay at ; then take 
off the Piece of Fig. 4. and the Ball will go to E: and laſtly, when 
you put on the Board B DE with its Rings, r, r, the Ball falling 
from B will deſcribe the Parabola 6 E paſſing thro' all the Rings, 
tho' there were as many more, provided the Parabola paſs thro' 
their Centers. N. B. The Reaſon why the Ball falling in the Curve 
B acquires a Velocity to carry it forwards uniformly twice the 
| Length or Height BC, in a Time equal to the Time of the Fall, will 
be alſo ſhewn in explaining the next Law. 


If 2 Cannon-Ball or any other Body be ſhot or projected obliquely 
upwards, it will kewiſe by its Riſe and Fall deſcribe a Para- 
Bola. | | | 


ICOnNETRUCTION. PL 24. Fig. 6. 


DRAwea Line A 7z for the Amplitude of a Parabola, and upon 
its middle Point 3 raiſe the Perpendicular 3 E, upon which take the 
Height 3 e for the Axis of the Parabola. From e to E upon the 
Axis continued ſet off e E De 4, and draw the Line A E, which 
will be a Tangent to the intended Parabola in the Point A. Divide 
the Line AE into any Number of equal Parts; as for Example 


four, 
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four, which will be mark'd by the Points B, C, D, E: continue on Lect. V. 
the Line AE beyond F, fo as to ſet on upon it four more equal Part 


as EF, Sc. not expreſs'd in this Figure for want of Room, but 
ſuppoſed to be over the Points G, H, I. Then from the Points B, C, 
D, F, Sc. let fall the Perpendiculars Bæ&, Cm, Do, Fs, Gu, Hx, and 
laſtly Ii, which will fall upon the Point : of the Line Az (or Am- 
plitude of the Parabola.) Divide the Axis e3 into 16 equal Parts, 
and mark the Points 9, 2, 2, at the End of the firſt, fourth, and 
ninth Diviſions ; ſo that the four unequal Parts, eg, 9, 2 2, and 2 3 
may reſpectively contain one, three, five, and ſeven of the equal 
Parts. Thro' the Points 9, Z, and 2, draw the Lines % cg, and 
40 parallel to the Line Az, which Lines will meet the Perpendicu- 
lars in the Points 6, c, d, % g, and h, and be Ordinates to the Axis e3. 
Upon the line eE or Axis continued mark ep eg, and eZ Des, 
and likewiſe e K e : from the Points K, Z, and p draw K, Ze, 
þd, and on the other fide pf, Lg, and Kh. If a curve Line be 
drawn thro' the Points A, 6, c, d, e, /, g, b, and i, it will be a Para- 
bola, or the Line which a Projectile ſhot from the Point A in the 
Direction AB will deſcribe; provided it has a Velocity given to it 
able to carry it the Length AB, in the ſame Time that by the Force 
of Gravity it would fall the Length B5. Produce to, or beyond 


t, u, and y, the Lines pf, Z g, and K, which (as well as pd, Zc, 


and K) are Tangents to the Parabola in the Points 5, c, d, e, f g, h. i. 
Then thro' thoſe Points draw the Lines 4a, ck, dm, eo, fq, gs, hu, 
and 7x, ſeverally parallel to thoſe Tangents, which will be ter- 
minated by the Perpendiculars at the Points a, &, , o, 9, 5, u, and x, and 
compleat the Parallelograms AB ha, blck, cndm, dpeo, erfq, ftgs, 
gwhu, byix, Aa, Bb, bk, Ic, cm, nd, do, pe, eq, rf, fs, tg, gu, 
wh, hk, yi, are all equal; which may be eafily demonſtrated from 
the Conſtruction, and the Nature of the Parabola ; but we rather 
chuſe to demonſtrate it from Gravity, in the following Explication. 


DEMONSTRATION, 


LET a Ball be projected in the Direction ABCD, Sc. (Pl. 24. 
F. 6.) By the firſt Law it would go thro' the equal Spaces AB, 
BC, CD, DE, EF, Sc. in equal Times or Inſtants, and go on 
continually in the Line AF, &c. if Gravity did not act upon it to 
bring it down ; but for the Reaſons before alledged during the firſt 
Inſtant, Gravity will have brought it down to & (or, which is the 
lame thing, it will move in the Line Ab Diagonal of the Paral- 

ei. | Rr | lelogram 
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lelogram AB5a, two contiguous Sides of which BA and Aa repre- 
ſent the two Forces that act upon the Body ;) and at the End of the 
ſecond Inſtant, inſtead of going forward according to the new Di- 
rection Ab in the Line 57, it will be brought down to c, moving 
in the Line 4c Diagonal of the Parallelogram /c, where 5/ repre- 
ſents the a projectile Force, and 64 Bb lc the Force of Gra- 
vity, which always preſſing downwards with the ſame Force, muſt 
be repreſented by the equal Perpendiculars A a, 64, cm, do, eg; fs, 
&c. whulſt the projectile Force 1n its different Directions is repre- 
ſented by the unequal and decreaſing Lines AB, 4/, cn, and 
dp, in the Aſcent of the Body; but in its Deſcent, by the unequal 
increaſing Lines er, Vt, gw, and by, all Tangents ta the Parabola, 
To go on, the projectile Body- will ſucceſſively deſcribe the Diago- 
nals cd, de, ef, fg, gh, and hi, of the Parallelograms, two contigu- 
ous Sides of which repreſent the Quantities and Directions of the 
Forces cn and cm, dp and ds, er and eg, ff and fs, gw and gu, 
by and bx. | | | 
N. B. We have calld Diagonals the Curves intercepted between 
the Perpendiculars at the Points A, b, c, d, e, f, Sc. or, which 
1s the ſame thing, made the Diagonals curved ; becauſe thoſe 
Diagonals are really ſuch, as we have hinted in the Expli- 
cation of the Motion of a Body, projected horizontally, 


SCHOLTUM:. 


Tu x projected Body moves with a Velocity continually diminiſh'd 
till it comes to the Vertex of the Parabola at e, then goes down the 
other half of it with a Motion continually accelerated. For ſince 
the Spaces AB, BC, CD, DE, EF; &c. have been taken equal in 
the Line of the firſt Direction of the Projectile ; by the firſt Law, 
the Projectile muſt go thro' them in equal Times, if none but one 
Force (vi. the projectile Force) acted upon the Projectile. But 
as Gravity acts upon the Body at the fame Time, tho' it cannot 
hinder it from ſucceſſively reaching the Perpendiculars (which are 
equidiſtant and parallel. to each other) in the ſame Space of Time 
that it would have done if there had been no Gravity, it will bring 


the Body, at the End of every Inſtant, to other Points of the Per- 


pendiculars, which are ſtill nearer and nearer to each other, till the 
Body comes to e: as for Example, the Body at the End of the firſt 


_ Inſtant, inſtead of being at B, is brought down by Gravity, to & fal- 


ling one Space equal to e; at the End of the ſecond Inſtant, 1 | 
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of being at C, it is brought down to c, having fallen from the firſt Lec. V. 
Direction or Line of the projectile Force thro' a Space equal to ez, =—w—= 
or four times eq == Bb, the Space fallen thro' the firſt Inſtant; at 
the End of the third Inſtant, inſtead of being at D, it will be 
brought down to d thro' a Space equal to #2, containing 9 times 

eq, or Bb, the Space fallen thro” the firſt Inſtant : at the End of the 
fourth Inſtant, inſtead of being at E, it will be brought down to 

e, thro' a Space equal toe 3, containing ſixteen of the Spaces of the 

firſt Fall Bô or eg. Now ſince the Spaces which the Body goes 

thro' in its Aſcent, in equal Times (that is, the Lines Ab, bc, cd, 

and de) are not only leſs than the Spaces AB, BC, CD, DE, but 

alſo leſs than each other, becauſe their Change of Direction makes 

them- continually cut the parallel Perpendiculars at leſs oblique 

Angles ; it is evident that the projected Body continually diminiſhes 

its Velocity till it comes to its utmoſt Height at e, the Vertex of the 
Parabola. And this will alſo appear, if we conſider the Motion 

of the Projectile here, as we did that of the horizontal Projectile ; 

dix. by examining how ſeveral Parts of the Line deſcrib'd by 

the Projectile are like ſo many Diagonals deſcrib'd by the Action 

of two Forces, one of which changes its Quantity and Direction 

by extremely ſmall Intervals, tho' here we take great Intervals to 
make the Thing more plain. | | 


WurN therefore the Body projected ſets out at A in the Direction 
AB, AB repreſents the projectile Force, and Aa the Force of Gra- 
vity ; as the Lines B&, and b compleat the Parallelogram by Con- 
ftruction, the Body will go in the Diagonal A +. The Body Pl. 24. F.6. 
being at 4 will, by the firſt Law, endeavour to continue to move 
in the Line 2½% being the Diagonal continued, that is, in the new 
Direction which it has now acquir'd, and with the ſame Velo- 
city which it now has, (which is leſs than what it had at A, be- 
cauſe the Diagonal A is ſhorter than the fide AB); therefore 51 

now repreſents the projectile Force, and 6 the Force of Gravity, 
which we take equal to Aa; becauſe we have no regard to the 
Body's being in motion, but conſider it as ſetting out from the 
Point &, by the Action of the Two Forces % and 4k : the Body 
thus acted upon will move in the Diagonal 5c of the compleated 
Parallelogram Sc, with a Velocity as much leſs than it would have 
had in the Line 5%, as the Diagonal bc is ſhorter than þ/. The 
Body at c will, by the firſt Law, endeavour to go on in the Line 
en with the Velocity which it now has, but the Action of Gravity 

1 „ repreſented 
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Lect. V. repreſented by cm ( Aa) bringing it down out of that 
Ly Line c, will make it go in the Diagonal c d with a Velocity leſſen'd 
in proportion as cd is ſhorter than cn. Laſtly, the Body at d acted 
upon by the Forces p and de will go in the Diagonal de with 
chang'd Direction and diminith'd Velocity, as we have ſhewn 
before. | 


As the Body comes down from its utmoſt Height at e, it con- 
tinually increaſes its Velocity. For, firſt, if we confider it when 
at e; the projectile Force is e, Gravity e g, and e f (the Diagonal 
of the Parallelogram er fq) the Line deſcrib'd by the Body. Now 
as the Line er repreſenting the Direction and Velocity of the Body 
at e, is ſhorter than the Tangent / repreſenting its Direction and 
Velocity when at /, (becauſe er is perpendicular and V oblique to 


equidiſtant Parallels) the Diagonal / g muſt be longer than the Dia- 
gonal e /, therefore the Body's Velocity will be ſo much the greater. 


Thus will the Diagonal g of the Parallelogram g wh u, the 
Space gone thro' by the Body in the next Inſtant; be greater than 


fg, and conſequently its Velocity increas'd in that Proportion. 


And laſtly, Y: the laſt Space being the Diagonal of the Paralle- 


« 


logram h 7 x, will be ſtill greater than the laſt, and conſequently 
the Velocity alſo greater. | 5 


COROL LART EL 


Hzxce may be known the different Velocity of a Projectile in 
any Point of the Parabola which it deſcribes, whether in its Aſcent 
or Deſcent : and it r always be to the Velccity in any other Point, 


direcily as the Lengths of the Parts of the Tangents to the Parabola, 
at theſe Points which are intercepted between the ſame or equi- 


diſtant Parallels, As for Example, the Velocity at A: is to the 
Velocity at &: : as BC: to &; for ſince (by Conſtruction) B C is 
equal to AB, and A B repreients the Velccity of the Body at A, 


as þ ] repreſents the Velocity of the Eody at &; the Velocities at the 


faid Points A and 6 will be reſpectively as BCtob/, Thus if we 
compare the Velocitics at A and at d, they will be to one another 
as DE to dp, for the fame ERcaſon. So likewiſe in the Deſcent 
the ſame will hold good; as ior Example, the Velocity at e: is to 
ass ilo: tet; orer: , 10 7: t 5, or 7 
$: 26. So the Velocity at /: is to the Velocity at H:: as 56: to 
hy; or Vt, or t 5: to hy. | | 
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Hence follows alſo, that at equal Heights above the horizontal 
Line or Amplitude A 7, the Body will have the ſame Velocity; be- 
cauſe it will then be in correſpondent Points of the aſcending and 
deſcending Parabola, where the Tangents, having equal Obliquities 
to the Parallels to the Axis, will have equal Parts cut off by thoſe 
Parallels wherever they are equidiſtant. 


C ORO! BE 


Ir alſo follows, that however unequal the Spaces be that a Pro- 
jectile deſcribes in equal Times, the horizontal Diſtances (that is, 
its Advances forwards) will all be equal in equal Times; but we 
have already prov'd this another way. N. B. I don't mean that 
the ſame Quantity of projectile Force will make a Body go forward 
equally faſt ; for that will vary according to the Angle that its Di- 
rection makes with the Horizon : but that if the Amplitude of the 
Parabola (or the whole horizontal Diſtance which the Body goes 
thro', whilſt it deſcribes any one Parabola) be divided into equal 
Parts by Perpendiculars; the Body will go from one Perpendicular 
to another in the ſame Time. 


4. In conſidering the Motion of a Projectile, we have made the 
Line A z a ſtreight Line, which would be ſtrictly fo if the Earth 
was flat; and indeed fo much of it as a projected Body goes over, 
muſt be taken for ſuch: but if the Force of the Powder, or what- 
ever throws the Body forward, was much greater; or the Force of 
Gravity (that is, the Attraction of the Earth) much leſs; then we 
mult conſider the Line A ; as a Curve or part of the Earth's Cir- 
cum ference. | 


As for Example ; Let ABCDE * repreſent the Surface of the 
Earth, and AF an high Mountain, ſuch as he Peek of Tennerif. 
Now if a Cannon was fir'd in the Direction FL, the Ball would 


zo forward in a Curve, for the Reaſons before alledg'd, perhaps 


pl. 26. F. 


as far as B, where it would come to the Ground. If the Force of 


the Powder was proportionably greater, it would go as far as C 
before it came to the Ground. Suppoſe the Force of the Powder yet 


greater, and the Ball would go to D: ſuppoſe it ſtill greater, and 


the 
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Lect. V. the Ball would go to E, not falling to the Ground till it had gone 
—— over two thirds of the Circumference of the Earth. Laſtly, one might 


ſuppoſe the Force of the Powder great enough for the Ball not to 


come to the Ground at all, but to came to the Point F from whence 


it ſet out at firſt, and (the Cannon being removed out of the way) 
to go continually round the Earth, at the Diſtance of about 3 Miles 
from the Surface of the Earth (that i is, at the Height of the Peek 
of Tennerif) Gravity only keeping it from going off from the 
Earth in a Tangent Line. Were the Force of the Powder greater 


than in the Jaſt Suppoſition, the Ball would 80 farther and farther 


from the Earth in a ſpiral Line. 


Ir the Point F was remov'd ſixty times farther from the Center 


of the Earth, or to the Height of 240, ooo Miles, that is, to the Di- 


ſtance of the Moon; then the Force of Gravity (or the attracting 
Force, call'd in that caſe the accelerating Force, of the Earth) 
would be 3600 times weaker than at the Surface of the Earth ; 

becauſe, as we recede from the Center of the Earth, Gravity de- 
creaſes as the Squares of the Diſtances increaſe ; and the Moon being 
60 times farther from the Center of the Earth, than the Earth's Sur- 


| face, the Square of that Diſtance 60 is 3600. In ſuch a Caſe there 
n N be no Occaſion for a greater projectile Force than that of our 


common Powder to make a Cannon- Ball circulate round the Earth, 
at the diſtance of 240000 Miles. The Moon itſelf may be conſi- 


der'd as ſuch a Projectile; for having once received an Impulſe in a 
Line parallel to a Tangent of the Earth, while it is endeavouring 


(by the Firſt Law) to keep its firſt (rectilineal) Direction, Gravity 
is continually impelling it towards the Center of the Earth, and by 
that Impulſe turns it out of the right-lin'd Direction of the projectile 
Force, and carries it continually round the Earth. Neither can 
Gravity bring the Moon to the Earth, becauſe the projectile Force 


Tall ſubſiſting, always endeavours to throw off the Moon along the 


Tangent of its Orbit; and Gravity only alters the Direction con- 
tinually, whereby the Moon endeavours every Moment to fly off 
along a new Tangent. Thus in every Point of the Orbit, theſe 
two Forces balance each other. 


55 Tuar Endeavour of the Moon, or any other Body that 
moves in a Circle or any other curv d Orbit, to fly farther 
from the Center of its Motion, is call'd a Centrifugal Force ; 
and the Force acting againſt it to keep the moving Body in its 


Orbit (whether it be the Force of Gravity or Attraction. 


Or 
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or a String, driving, impelling, or drawing the Body towards the Lect. V. 
Center of its Orbit) is call'd a Centripetal Force. Thus when a2 
Stone is whirl'd in a Sling, the Stone, which endeavours to (and 
when one of the Strings of the Sling is loos'd, actually does) fly of 
in a Tangent to the Curve which it deſcrib'd before, is hindred by 
the Strings to fly off of the Sling from ſo doing; that Endeavour is 
the centrifugal Force; and the Force of the Strings holding the 
Stone, 1s the centripetal Force, By the Force which endeavours to, 
but cannot really, carry the Stone in the Tangent, the String is 
ſtretch'd in a Direction from the Center of the Revolution to the 
Circumference. Let us, for Example, ſuppoſe, that the Body F 
faſten'd to the String M F + is whirl'd round in the Circle FIN: Fl. 24. F-7. 
whilſt the Body, not held by the String, would have mov'd the 
Length F H in the Direction F G by the firſt Law, being retain'd 
by the String it moves in the Arc FI, being brought down from 
H to I; the Line HI therefore may repreſent the Quantity of the 
Centripetal Force directed towards the Point M; and the ſame Line 
IH directed from the Point M towards H, may alſo repreſent the 
centrifugal Force, both thoſe Forces being equal, otherwiſe the re- 
volving Body would not be kept in Orbit. For tho' in Orbits that 
are not circular, theſe Forces may increaſe and decreaſe (as ſhall 
be hereafter ſhewn) yet they both equally increaſe and decreaſe, al- 
ways balancing one another. N. B. The fw:ifter a Body moves in 
its Orbit, the more is the String ſtretched, that is, the greater is the 
Centrifugal and Centripetal Force. If, for Example, F G repre- 
ſents the Velocity of the Body inſtead of F H, the Body vill deſcribe 
the Arc FN inſtead of FI; in which caſe the Point N (where the 
Body 1s) being farther remov'd from the Tangent (at G, where the 
Body would go to by the projectile Force alone) the Centripetal and 
Centrifugal Force muſt be repreſented by the Line G N, which is 
greater than HJ. | | 
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ALL theſe will be further prov'd and illuſtrated by the follow-- 


ing Experiments. 
ExPERIMENT VI. Pl. 24. Fig. 8. 


6. ABCD is a round Table which may be ſwiftly turned upon 
a Pivot, as at F, (the ſame that is repreſented by the 13th Fig. of 
Pl. 23.) There is a little Braſs Pipe ſcrew'd. in at the Center C, Pl. 24. F. 8. 
into the Top of which the String of the leaden Bullet B is thruſt, ſo * Fl. 23. 
as to go out at an Hole in the Side of the ſaid ſhort Braſs T0 4 
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thence it is carried under the Table thro' the Hole h, and fo faſten'd 


A — toa Pin in the Side of the Table at A. When the Bullet is laid at 


B, if the Table be turn'd ſwittly round, it leaves the Bullet behind 
at firſt, which thereby appears to have a Motion contrary to that 
of the Table, till by the roughneſs of the Surface of the Table, it 
goes round at laſt along with the Table on the ſame Part of the Ta- 


ble; then if the Table be ſtopp'd on the ſudden, the Bullet goes on ; 


ſeveral turns, till having communicated all its Motion to the rough 


Surface of the Table, it comes to Reſt at laſt. This illuſtrates the 


firſt Law of Nature; for as the Part of the Table under the Bullet 


leaves it behind for a while, becauſe it endeavours to continue in 
its State of Reſt, it would for ever leave it where it was at firſt, if 
the Table was perfectly ſmooth : and when the Bullet is once in 
Motion it would for ever go round on the Table, if (beſides the 


Smoothneſs of the Table) the String that holds the Ball had no 


Friction at the Center C. It is alſo to be obſerv'd, that the String, 
which is ſlack at CB, is always ſtretched as at C4 by the Motion 
of the Bullet; and this ſhews the Centrifugal Force, 


If we ſcrew a forked Prop toward the Edge of the Table, as at 
D, and put the String of the Bullet into its Slit, ſo as to let the Bullet 
hang down as at 1, the Force of the Bullet's Gravity may be ſo over- 
come by the Centrifugal Force, which the whirling of the Table 


| _ that the Bullet ſhall riſe to 3, the String 3 4 becoming 


Pl. 24. F. 9. 


orizontal; as the Table turns ſlower and ſlower, the Ball comes 
down to 2, and foto 1 at laſt, Gravity becoming ſenſible as the Cen- 
trifugal Force diminiſhes. Ts 8 


EXPER IMEN T VII. PI. 24. Fig. . 


Ir a string be tied round the Brim of a Pot full of Water, and 
the Pot be whirl'd round ſwiftly about the Hand or Center K in a 


Circle or Curve, of which ACB is an Arc, the Water acquiring a 


Centrifugal Force greater than that of Gravity, will not be ſpil- 


led when the Mouth of the Pot is downwards. If inſtead of the 


＋ Pl. 24. F. 10. 


Pot, the Glaſs W C +, (Fig. ro.) containing Liquors of different 


| ſpecifick Gravities be whirl'd round the Center K, (after they have 


been confounded together by ſhaking) they will all recover their 


Places and Tranſparency, even ſooner than if the Glaſs containing 
them had been hung up and at reſt. The Reaſon is, that as the 


different Subſtances in the Glaſs have the ſame Velocity given them 


by the Centrifugal Force, their Momentum will be as their rr 
| | fick 


x ma 8 


» rw 7 COA A39x -f — 2 


- oj © @. 


ma 
2 


are 


r 
r 


A TY 
ORC FE ee Af 


4 Conrſe of Experimental Philoſophy. 


fick Gravities, that is, their Momentum will be made up of the Lect. V. 
different Quantities of Matter, which they contain under equal - 
Bulks, multiplied by the common Velocity + which the Centrifugal + L. 2. No.3. 
Force gives them, in the Line K C from the Center of the Motion 
towards the Circumference. Therefore the Glaſs Beads among the 
Liquors weighing more than the Drops of any of the Liquors, 
will have the greateſt Momentum, and conſequently go to the Part 
G moſt remote from the Center of Motion K. Then the Drops of 
Oil of Fartar (which is the heavieſt of the Liquors contained in 
the Glaſs) having for the fame Reaſon more Momentum than the 
Drops of the other Liquors (tho' leſs than the Glaſs Beads) will 
take up the Space T next to the Beads, and alſo fill their Interſtices. 
The next Liquor, which is Oil of Peter, will fill up the ſpace P. 
And laſtly, the Spirit of Wine, whoſe Drops are the lighteſt, will 
(notwithſtanding its own: Centrifagal Force) be brought nearer to 
the Center of Motion, and occupy the ſpace W ; becauſe the Beads 
and all the other Liquors having more Momentum, drive it from the 
End C, to which it has a Tendency all the while. N. B. The Tube 
rs hermetically ſealed at both Ends. _ 
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Tur Glaſs Beads, and different Liquors, ſettle in their proper 
Places when the Tube is hung up; becauſe, as all Bodies tend 
downwards with the ſame Velocity *, the Momentum of Particles L-1. Ne. 8. 
of equal Bulk muſt be as their reſpective Quantities of Matter in 
their Deſcent: And that the Liquors will not be ſo ſoon ſettled in 
this Caſe as when the Tube is whirl'd round, is becauſe we can 
give as great a Velocity as we pleaſe in the Direction K C, by a 
Centrifugal Force ; whereas that which is owing to Gravity is-al- 
ways the ſame. | | 


CORFU HERE 


_ Hence it follows, that a Bottle of any Liquor (whieh after having 
been muddy is by length of Time become fine, and is again made 
toul by ſhaking) may ſooner be brought to be fine by a Centrifugal 


Force, than by being ſer upright at Reſt. 


ExezxiMenT VIII. PI 24. Fig. 11. 


Joi by a String the two Balls T and M, * whoſe Weights pl. 24. F. 11 


are to one another as 4 to 2, (here we uſe a two-Ounce and a 
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four-Ounce-Ball) and paſs the String thro' the oppoſite Side-rioles 
of the little Pipe C; let the Length of the String, meaſuring from 
Center to Center of the Balls, be 18 Inches, and the Diſtances of 


the Centers of the Balls from the Center of the Table be recipro- 


cally as their Maſſes : that is, the Center of the two-Ounce Ball M 
mult be at the diſtance of 12 Inches from C, and the Center of the 


four-Ounce Ball T at 6 Inches from C. Let the two little Squares, 


or rectangular Pieces S s and V be fix'd on the Table, at the Di- 
ſtance of about 1 Inch or 2 behind the Balls, to ſtop them from 
flying off of the Table, and the long Sides of thoſe Pieces fo fix'd 
alternately, that when the Table is made to turn in the Direction 
mark'd by the Dart, the Balls may not be left behind, but imme- 
diately put into motion. Now let the Table be whirl'd round 


with any Velocity, and the Balls will remain at the Points T and 


+Li2. N* 
38> 


M, and deſcribe round their common Center of Gravity unequal 
Circles * in a reciprocal Proportion of the Maſſes, the Momenta 


given the Bodies by the centrifugal Force being equal, and (becauſe 
of their contrary Directions) deſtroying one another, But if either 
of the Balls be removed farther from C than in the reciprocal Pro- 
portion above-mentioned, that Ball will gradually recede from the 
Center of Motion and draw the other along with it, till it be ſtopp'd 
by the End of the Piece V vor S 5. So the Earth and Moon turn 
round one another and round their common Center of Gravity, as 


has been already obſerved +. 
EXPERIMENT IX. PI. 24, Hg. 12. 


LET the Table be put into an uniform whirling Motion, and 
that Motion continued (which may be done by a Wheel and Pulley 
hereafter to be deſcrib'd) and at the ſame time let a Piece of Chalk 
be drawn preffing upon the Table in the right Line CP; and there 
will by thoſe two Motions be deſcrib'd the ſpiral Line C DEFP: 
then if the Table be mov'd again in the ſame manner and the fame 
way (as mark'd by the Dart) and at the ſame time the Chalk be 
preſs'd on the Table in the fame Line PC, but with a contrary 
Direction, viz. from P to C, there will be deſcribed another Spiral 
like the former, but directed the contrary Way, as is ſhewn by 
the piick' d Line, „„ | 
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COROLLARY 
HrNer it follows, that if a Body that has a Centrifugal Force, 


whereby it recedes from, or a Centripetal Force, whereby it accedes 


to, the Center of its Motion, at the ſame time be carried round by 
a Force that gives it a circular Motion ; it will fly from the Center 


in a ſpiral Line in the firſt Caſe, and run to the Center in a ſpiral 


Line in the ſecond Caſe, | 
ExPERIMEN T X. Pl. 24. Hg. 13. 
ON a Piece of Board AEK *, which has a Piece under it acroſs, 


to raiſe up its broadeſt End AE to an Angle of 15 or 20 Degrees 
above the horizontal Poſition, are faſten'd 3 Tubes AK, CK and 


*PL24.F.13. 


EK, ſhut up at both Ends. In the firſt there is a ſmall Cylinder 


of Cork, which can eaſily ſlide up and down the Tube: in the 
Tube CK there is a little Cylinder of Lead moveable in the ſame 
manner: and in the Tube EK, there is an Inch or two of Quick- 
ſilver ſhut up. This Board has a Screw under it, which going thro' 
one of the Holes in the Table, (ſuch as are mark'd A and B, in 
Plate 23. Fig. 13.) + is faſten'd by a Nut ſo as to join the Board 
of Tubes firmly to the Table. Then when the Cork, Lead, and 
Quickſilver are in that Part of the Tube next to the Center of Mo- 
tion K; let the Table be whirl'd round, and thoſe Bodies will 
after a few Turns be carried to the Ends of the Tubes, which are 
fartheſt from the Center, tho' 3 or 4 Inches higher than the Ends 
at K. Put on the Tubes BK and DK, the firſt of which being 
fill'd with Water, has a Cork Cylinder moveable in it; and the o- 
ther has in it an Inch or two of Oil, the other Part of it being full 
of Water. At firſt, (when the Table is at Reſt) the Cork and the 
Oil will be at B and D, the higher Ends of the Tubes, and fartheſt 
from the Center; but when the Table is whirl'd round, the Cork 
and the Oil will go towards the Center to K, becauſe the greater 
Centrifugal Force of the Water (being greater than either that of 
the Cork, or that of the Oil) muſt give the Cork and the Oil a 
Centripetal Direction, as has been explain'd in the Experiment of 
the different Liquors in the Glaſs of Fig. 10 *. 


| 7 Monſ. Des Cartes endeavour'd to explain the Motion of the 
Planets round the Sun, by a Vortex or Whirlpool of Celeſtial Mat- 
| 8 ſ - ter; 


＋Pl. 23. F. 13. 


pl. 24. F. 10. 
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Le&. V. ter; ſuppoſing that the Sun by turning about his Axis, gave cir- 
ww cular Motion to all the Celeſtial Matter about it as far as Sa 


turn and beyond; and that this Whirlpool of Matter (in French, 
Tourbillon) being without Vacuity (for he aſſerted a Plenum) car- 
ried the Planets along with it, and ſo was the Cauſe of their 
Motion round the Sun. People that did not give themſelves the 
trouble to examine Things thoroughly, believ d the Vortices to be 
the Cauſe of the Motion of the Planets; becauſe, where there 
are Whirlpools in Rivers and Brooks, we ſee that Straws, little 
Sticks, Saw-duſt and other light Bodies are carried round as the 

float; and therefore it was thought very probable, that the Planets 


might in the ſame manner be carried round in the Heavens. But, 


if we apply Experiments and Obſervations to the Doctrine of the 


Vortices, we ſhall find it inſufficient for explaining the Motions of 
the Planets. 


In the firſt place, we'll ſuppoſe the Planets to be denſer than 


the Matter of the Vortex; and then the ſame Thing muſt happen 


to them, as happened 0 the Cork, or the Lead, or the Quick- 
ſilver contained in the Glaſs Tubes, and whirl' d round on the 
Table. For the Tubes full of Air being carried round, contained 

art of a Vortex of Air, where the Bodies carried in it were of dif- 
ferent ſpecifick Gravities, but all ſpecifically heavier than the Parts 
of the Vortex; and thoſe Bodies mov d round, and at the ſame time 
agitated by a centrifugal Force, did continually recede from the 
Center of the Vortex, going off from it in a ſpiral Line. Planets 
therefore ſpecifically heavier than the Parts of the Vortex would 
continually recede from the Sun, moving off in a ſpiral Line. Since 


this won't do, let us ſuppoſe the Planets all rarer than the Matter 


of the Vortex; and the Conſequence will be That as the Parts of 
the Vortex are denſer than the Planets, their centrifugal Force muſt 
give the Planets a centripetal Direction, and ſo make them go 


continually towards the Sun in a ſpiral Line, till they fall into it; 


after the Manner of the Cork and the Oil in their reſpective Tubes 
of Water, where it appeared by the Experiment that the centri- 


fugal Force of the Water gave the Cork and Oil a contrary Ten- 
payed whereby they continually approach'd towards the Center in 


a ſpiral Line. 


Turkx remains only now for the Support of the Cartęſian Hy- 


| 280 to ſuppoſe that Planets are of the ſame Denſity "Par: the 
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Parts of the Vortex, (and indeed, if there was a Plenum, as Monſ. 
Des Cartes ſuppoſes, all Bodies muſt be equally full, and there 
would be no ſuch thing as different ſpecifick Gravities ; for all Bo- 
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dies of the ſame Bulk, having the ſame Quantity of Matter, would pl. 24. F. 2. 


weigh equally) and in that Suppoſition it will follow, that the Pla- 
nets making up Part of the Vortex itſelf, will move along with the 
Parts of the Vortex next to them: and tho' at firſt thoſe Parts of 


the Vortex which are neareſt to the Sun will move faſteſt * yet - Ann. 2. 


at laſt, the whole Vortex will move round like a ſolid Body or 
Sphere, the Parts moſt remote from the Center making their Re- 
volutions in the ſame Time as thoſe which are neareſt; which 
muſt be the conſequence of a Plenum. So that all the Planets 
would at laſt have their periodical Times equal, which is contrary 
to Obſervation; for the periodical Times of the Planets Revolutions 
are all different. Mercury the neareſt to the Sun, performs his Re- 
volution almoſt 120 times ſooner than Saturn, the moſt diſtant. In 
a word, this is the Proportion of their Diſtances and Revolutions, 
viz. The Squares of the Periodical Times of the Primary Planets 


round the Sun, and of the Satellites round Fupiter and Saturn, are 


as the Cubes of their Diſtances from their reſpective central 
Boates*Þþ. - TL | 


8. SINCE then the Carteſian Hypotheſis is inſufficient for explain- 
ing the Cauſe of the Motion of the heavenly Bodies; we muſt ſhew 
what is the real Cauſe, and that not from Conjectures, but from 
Obſervations and Experiments. That Gravity, or an Attraction 
towards the Sun, keeps the Planet (or even the Comet) in its Orbit 
about the Sun, (and likewiſe the Satellites about their Primaries, 
our Moon alſo being the Satellite of the Earth) whilſt the projec- 
tile Force is continually endeavouring to throw it off along the Tan- 
gent, will evidently appear from what we have already ſaid, and 
from Conſecuences of the Second Law of Nature, which we are 
going to explain, having firſt ſhewn ſeveral Laws relating to central 
Forces by the following Experiments. | 

But we muſt firſt deſcribe the Machine for the making the Ex- 
periments. 


Plate 25. Fig. T. 


THE Machine for central Forces conſiſts of a ſtrong wooden Frame 


CABDHGKEF, triangular at Top and Bottom. On the hori- 
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zontal Piece Ga at Top is a Wheel G, which (by means of the 
String GK HG) when turn'd round, gives circular Motion to the 


Pulleys and Spindles KL and HI, ſo as to move them either with 


equal Velocities, or with Velocities that are as 2 to 1, as 3 to 1, or 
as 3 to 2; becauſe in the Pulley K there are Two Grooves, one 
of 3, and one of two Inches Diameter ; and in the Pulley H there 
are alſo Two, one of 6, and one of 3 Inches Diameter. There are 
Two Pieces MN, mn, (which we may call Planet-bearing Pieces) 


of about 30 Inches long, to be ſcrew'd upon the Pulleys K, H, fo as 


to turn round with them. Theſe Pieces have each of them an open 
ſquare Tower S,s, with a little Pulley at Top and Bottom to con- 
duct a String from the Weights S and s, to the Braſs Balls P and p, 
(which we muſt here call Planets). ſo that when P and p go to- 
wards N or u, the Weights are drawn up from their Baſes, which 
are about an Inch above the Bottom of the Towers, and riſe within 


the Towers till the Weight-carrying Piece ſtrikes the Top of the 


Tower ; each Ball having two little Wings with Holes in them, to 
ſlide eaſily along Iron Wires, that go from one End to the other of 
the Planet-carrying Piece, paſſing thro' the two perpendicular Braſs 
Planes M and N, alſo thro' the Towers at about the Diſtance of + of 
an Inch from the Surface of the Planet-carrying Piece. N. B. Only 
one of the Wings and one of the Wires 1s here drawn upon each 
Piece, to avoid Confuſion. There are alſo Braſs Collars at H and K, 
in which the Necks of the Spindles (which are of Steel) turn ; and 
Iron Screws headed with Braſs at L and I, with little Holes to re- 
ceive the Bottoms of the Spindles. 


THe Second Figure“ repreſents ſomething more than half of one 
of the Planet-bearing Pieces, divided into Inches both ways from the 
Center. Bb is the perpendicular Braſs Plane at one End, thro' 
which the horizontal Wires Wee, Ww paſs, to carry the Planet 
P by its perforated Wings LL; whilſt the String that goes thro' 


the middle of the Planet is made faſt, by thruſting in the little Pin 


p, to give the Planet any certain Diſtance from T, the Center of its 
Motion before it is moved round by turning the Wheel G, (in Fig. 
I.) Ss repreſents the Section of the Braſs Tower faſten'd to the 
Wood by a croſs Pin, whoſe Head is ſeen at s. I is the Baſe or 
Plate which is to ſupport the Weight-carrying Piece, which is re- 
preſented at Fig. 4. + and conſiſts of a circular Plate and hollow 


Stem of two Ounces Weight, and on which may be ſlipp'd _ 
AM 


* 


the 
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ral Leaden Weights like X, Fig. 5.* At T alſo (Fig. 2.) may be Lect. V. 


ſcen the little Pulley under which the String goes. 


Tar zd Figure A is a vertical Section of one of the ſquare Towers 
Ss, with the Weight X and Weight-carrying Piece Xx in it, and 
Part of the Planet-bearing Piece, Pulley and Spindle under it, 


mark'd MN. One little Pulley is faſten'd to the Wood at T un- 


der the Plate on which the Weights ſtand ; another is ſuſtain'd by 


an Iron Arm VS over an Hole S in the Top of the Tower. So 
that the String coming from the Planet P, goes firſt under the Pul- 
ley T, then thro' the hollow Stem of the Weight-carrying Piece, 
and ſo thro' the Hole in the Top of the Tower, then over the Pul- 


— wnmnd 
. B.. 
+PI1. 25. P. 3. 


ley 8, ſo down again to the Top of the Stem of X, where it is 


faſten d. By obſerving this Figure, one may eaſily ſee that if the 
Planet P be moved ever ſo little in the Direction PQ, the Weight- 
bearing Piece X will be rais'd up towards 8. 


THE whirling Table, which we have already mention'd “ for 
making ſeveral Experiments, 1s beſt turn'd round by ſcrewing on to 
the Top of either of the Spindles LK or IH, inſtead of the Planet- 
bearing Piece MN or nn. | — 


TRE fixth Figure * repreſents the Section of the Wheel and Part 
of the horizontal Piece, the upper Part of the Frame which carries 


3 F.1r3. 
and Pl. 24. 
1s 
13. 


pl. 25. F. 6. 


the Wheel, and the upper End of the Piece that ſupports it mark d 


LLL, the Wheel's Axis and ſquare-ſliding Collar g, which is move- 
able on the ſquare horizontal Iron HI, faſten'd to the Wood by a 
Nut and Pin at I, and two Wood- Screws Hb. N. B. There is a 
Screw in the ſliding Piece g, to fix the Center of the Wheel, when it 


7s brought forwards or backwards. 


THO” it be of no conſequence of what Bigneſs the Machine above 
deſcrib'd is made, provided its Parts are proportional ; yet for the 
ſake of thoſe who would have ſuch a Machine made, I give here the 
Meaſures of the principal Parts of mine in Engliſh Inches, 


Plate 25. Fig. 1. 


TRE Thickneſs of the Wood every-where about 1 Inch, except Fl. 25. F. 1. 
the Feet at A and D, where it is 2 Inches thick. 
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MN nn 30 Inches. 
KH 3316 Inches. 
—IH==8| 5 Inches. 
AD 3419 Inches. 
AC—=CD==2712 Inches. 
BC==2415 Inches. 
Diameter of the Groove of the Wheel G = 14 Inches. 
Breadth of the Planet- bearing Piece MN or mn= 213 Inches. 
Grooves of the Pulley K, the one 2, and the other 3 Inches. 
Grooves of H, the one 6, and the other 3 Inches. 
The Height AK == HD = Iz Inches. 
Height of the Towers 8 or s above the Board MN, mn DE In- 
ches. 
Breadth of the Towers 213 Inches. 


There are 4 Braſs Planets . uſe of, Tw wo of which weigh 


each 2 Ounces Troy, and the Two other 4 Ounces Troy each. 

The Weight-carrying Plate and Stem weighs 2 Ounces, and 
each leaden Weight (as repreſented by Fig. 5.) * 2 Ounces 
alſo. 


What is to be confider'd in the Uſe of the . 


9. Tur Weights in each Tower are to repreſent the Sun, whoſe 
Attraction is ſhewn by the Force with which the Weight reſiſts the 
Action of the Ball P or p {repreſenting a Planet) that endeavours 
to raiſe it by the String PT SX + (Fg. z.) when it receives a 
centrifugal Force by turning the Wheel G. So that by putting 
equal or unequal: Weights in 1 the Towers ; by uſing equal or un- 
equal Planets as P, or p; and by having their Diſtances equal or 
unequal in different Proportions; and the Periodical Times equal 


or unequal (as the Wheel-String goes round equal or unequal Pul- 


leys) we may by Experiments ſhew thoſe Laws of central Forces, 
which Sir Jaac Newton has mathematically demonſtrated in his 


Principia. 


Ix conſidering the central Forces of Bodics (for Example, of 
the Primary Planets in reſpect of the Sun, and of the Moons in 
reſpect to their Primary Planets) which move round other Bodies 
that have an Influence upon them; we are to obſerve Three 
Things. 1//, The Periodical Time, or Times in which the 


Bodies 2 their Revolution. zdy, The — of Matter 
the 


C 5 
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the revolving Bodies. 3dly, The Diſtance of the Bodies from the 
Center of the Revolution. | | 


EXPERIMENT XI. 


FiRsT, make the periodical Times equal, by putting the Wheel- 
String into the 3 Inch Groove of each Pulley, croſſing it before each 
Pulley to give it the more Force to move the Pulleys, but fo that 
the Pulleys may both turn the ſame way that the Planet-bearing 
Pieces may not unſcrew, Then put only the Weight-carrying 
Piece in each Tower : and laſtly, faſten to their Strings a 2 Ounce 
_ Braſs Ball, asP and p , at the diſtance of 12 Inches from the Cen- 

ter on each Planet-bearing Piece. So you will have the Periadi- 
cal Times, the Quantities of Matter, and Diſtances from the 
Center equal, Give circular Motion to the Wheel G, and the 
Planets by their centrifugal Force will raiſe the Weights 8 and s 
at the very ſame Inſtant of Time; which ſhews, that in this Caſe 
the centrifugal Forces are equal, N. B. If upon each Weigbt-carry- 
ing Piece you put on one or two, or more equal Weights, (ſuch as are 
expreſs d by Fig. 5.) the Planets will always raiſe them at the ſame 
Inſtant, provided the Wheel be turn'd proportionally faſter as there ts 
more Weight, | 


ETI XII. 


SECONDLY, Inſtead of p put on a 4 Ounce Ball, and double the 
Weight in the Tower 39; then turn the Wheel, and both Weights 
will riſe at once. This ſhews, that when the Quantities of Matter 
in Planets are unequal, but the Diſtances and Periodical Times ſtill 
remain equal, the centrifugal Force is proportional to the Quantity 
of Matter, | 


EXPERIMENT XIII. 


_ TaiRDLyY, Take off the 4 Ounce Ball, and make uſe of p again, 
but put it only at 6 Inches from the Center. Take the additional 
Weight from „, and add it to S; that is, let the Weight 8, which 
has P at 12 Inches Diſtance, be == 4 Ounces; and the Weight s, 
which has 5 but at 6 Inches Diſtance, be = 2 Ounces : then upon 
turning the Wheel, they will both riſe at the fame Time. Hence 
it is plain, that , the Periodical Times, and the Quantities of 

Voi. „ Tt Matter 
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Lect. V. Matter continue the ſame, but the Diſtances are different, the centri- 


fugal Forces will be as the Diſtances. 
ExPERIMENT XIV. 


FoUuRTHLY, at the Diſtance of 6 Inches, where p was laſt, 
change p for a 4 Ounce Ball, and put equal Weights in the Two 
Towers ; then when you turn the Wheel, both Weights will riſe 
at once; which ſhews, that when the Pericdical Times are equal, and 
the Diſtances from the Center reciprocally as the Quantities of Matter 
in the Planets, the Centrifugal Forces are equal. | 


EXPERIMENT XV. 


LAST Lx, change the String on the Pulley H, putting it into the 
Groove of 6 Inches Diameter, ſo that the periodical Time of the 
Planet p may be double that of the Planet P, which laſt will then 
move twice as faſt, if its Diſtance be the fame from the Center, 
which it muſt be in this Experiment. Put 8 Ounces in the Tower 
SO and only 2 in the Tower 54, the equal Planets P and p being 
then each at 12 Inches Diſtance from the Center. Turn the Wheel, 

and both Weights will rife at once. This ſhews, That Planets, 
that have an equal Quantity of Matter and the ſame Diſtance from 
the Center, but different Periodical Times, have their centrifugal 
Forces reciprocally as the Square of their Periodical Times; that is, 
direftly as the Square of their Velocities. 


COROLE ARE 


HEN GE follows, that if the ſame Planet changes its Velocity in 


the ſame Orbit, its centrifugal Force will increaſe or decreaſe ac-. 
cording to the Square of the Velocity, which the Planet has in that 


Part of its Orbit. 
| SCHOLIUM. 


WurN we compare the laſt Experiment with the 13th Experi- 
ment, and find that the Planet p (going round in a Circle of 12 In- 
ches Radius at the ſame Time that P went round in a Circle of 6 
Inches Radius,) rais'd twice the Weight becauſe it had twice the 
Velocity; it will appear ſtrange, that in the laſt Experiment, where 
-— DT P (going 


th. 
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P (going twice thro' a Circle of 12 Inches Radius, whilſt p goes 


once thro” ſuch a Circle) has but double the Velocity of p, it ſhould wv 


now raiſe four times more Weight. But this Proportion (which is 
of very great uſe in explaining the Motions of the heavenly Bodies) 
will be very clearly deduc'd from a Conſideration of the Firſt Law, 


and what we have ſaid upon it. 


Ro uNp the Body ſuppoſed at M + (Plate 2. 24. Fig. 7.) or the 
Center M, let a Planet revolve in the Circle Fl N; it is plain, that 
when it deſcribes the Arc F I, its centrifugal Force is repreſented 
by the Line HI : then if the ſame Planet be ſuppoſed to deſcribe 
the Circle f 7 2 of double the Radius, in the ſame time, it is evi- 
dent that it will have a double Velocity, and conſequently will de- 
ſcribe the Arc / in this Circle in the fame Time that it deſcribed 
FI in the little Circle; ſo that now gu, which is double of HI or 
hz (becauſe the Triangles fgM and FHM, as well as the Ares n 
and FI are ſimilar) will repreſent the centrifugal Force to be dou- 
ble of what it was in the little Circle, But if, inſtead of going in 
the great Circle, the Planet doubles its Velocity by going twice 
round the Circle FIN in the fame Time that it went once ro 
before, it will deſcribe the Arc FN, of twice the Number of De- 
grees, inſtead of FI; and as the Arc FN (tho' of the ſame Length) 
is twice more curve than Vn, the Planet at N will recede from the 
Tangent twice as much as if it was at 7, conſequently four times as 
much as when at I with half the Velocity. Therefore the centri- 
fugal Force at N : will be to the contritugal Force at I:: as GN: 
to H]; or as 4: to 1. | | 


N. B. This holds good only in ſmall Arcs, as FI and FN are 
ſuppos' d; but then it is only to be conſider d in ſuch. 


THERE are many more Experiments relating to central Forces 
to be made with this Machine; but theſe are ſufficient for our pre- 


327 
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F Pl. 24. F. 7. 


ſent Purpoſe. However, for the ſake of the Curious we ſhall men- Ann, 3. 


tion a few more 1n the Notes. 7 
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The Second L aw of Mation. 


10. The Change of Motion is always proportionable to the movin 9 
Force impreſſed; and is made in the right Line in which that 
Force is impreſs'd. N | 


Ir any Force generates a Motion, a double Force will generate 
double the Motion, a triple Force triple the Motion, &c. whether 
that Force be impreſs'd all together and at once, or gradually and 
ſucceſſively. And this Motion (being always directed the fame 
way with the generating Force) if the Body mov'd before, is added 
to or ſubtracted from the former Motion, according as they di- 
rely conſpire with, or are directly contrary to each other; or ob- 
liquely join'd when they are oblique, ſo as to produce a new Mo- 
tion compounded from the Determination of both. 


ſo as to go thro' any determinate Space in a determinate Time; as 
for Example, the Space AB or one Rod (16 4 Feet) in a Second 
Minute of Time. 'The Body will, according to the firſt Law, by 
virtue of the Force impreſs'd, go on uniformly thro' the Spaces 
AB, BC, CD, DE, EF, FG, GH, HI, IK, KL, Sc. fo as to de- 
{cribe each of them (iuppofing them all equal) in a Second, and fo 
on in infinitum, Now when the Body is in motion, if the ſame 
Force that acted upon it at firſt, or one equal to it, ſhould act up- 
on it again in the fame Direction, when it is at B, for Example; 
then would the Body be carried thro' a double Space, v2. the 
Space BD, in a Second, and ſo thro' DF, FH, HK, Sc. in every 
Second, that is, with double Velocity ; becauſe, whilſt it was going 
on at the Rate of one Rod in a Second, it receiv'd an Addition of 
Force capable of making it go alſo a Rod in a Second, and conſe- 
quently that Addition of thoſe two Forces that conſpire give the 
Body a double Velocity. If the Body in motion, when at B, 


had received the ſecond Impulſe by a Force double of the firſt 


Force, it would after that Impulie go on in each Second thro' the 
Spaces BE, EH, HL, Sc. that is, with a triple Velocity. If after 
receiving the Second Impulſe with a Force equal to the firſt, 


while it is going on with double Velocity (for Example, thro' the 


Space BD or DF, &c. in a Second) it ſhould receive a third Im- 
pulſe (ſtil! in the fame Direction) equal to. the firſt, then it would go 


from 


11. LE I the Body A“ receive an Impulſe in the Direction AL, 
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from D to G, and fo on from G to K, &c. every Second of Time; Lect: V. 
that is, with a triple Velocity, after three equal Impulſes, juſt as it 
would do after two unequal Impulſes in the Proportion already ex- 


plain'd: as it would alſo do if it had receiv'd but one Impulſe at 
_ firſt, . but three times greater than we then ſuppos'd. 


12. IF, whilft the Body by the Force impreſs'd is (by the firſt 
Law) going on uniformly thro' the Spaces AB, BC, &c. a Force 
equal to the Force impreſs'd ſhould act upon it in the Direction 


LA (that is, in a contrary Direction) the Body would loſe all its 
Motion. But if this laſt Force ſhould only act upon it after it had 


receiv'd ſeveral Impulſes according to the firſt Direction, it would 
only deſtroy. ſo much of the Motion as its own Quantity of Force 
would be capable of producing : for Example, if the Body, after 
three Impulſes, was going on thro' the Spaces DG, GK, &c. that 
is, 3 Rods in a Second, and then it ſhould receive a fourth Impulſe, 
but in the contrary Direction, it would only loſe ſo much Motion 
as to go thro' but two Rods in a Second, and continue to go on 
uniformly with that Velocity, juſt as if it had receiv'd but two Im- 
pulſes. Again, if when it is going 3 Rods in a Second it ſhould re- 
ceive two Impulſes at once equal to the firſt, but in contrary Direc- 
tions, one in the former and the other in the oppoſite Direction ; thoſe 
Forces would deſtroy each other, and the Body would go on uni- 
formly with the ſame Velocity that it had before thoſe Impulſes, 
VIZ. 3 Rods in a Second. N. B. We don't confider any Elaſticity 
that the Body might have. 


13. Now, let us once more ſuppoſe the Body to be going on uni- 
formly at the rate of a Rod in a Second, or thro'the Spaces AB, BC, 
Sc. Suppoſe when it is at E, a new Force equal to the firſt (or 
equal to the Force which the Body has then) ſhould act upon it in 


the Directiot Ee, or at right Angles to its preſent Direction AL; 


the Body would change its Direction, and move (as has been ſhewn) 


in the Diagonal Ef of the compleated Parallelogram Ee F +. If 4 L. z. N.. 
the new Force had been double, then the Body would have gone 8 
in the Diagonal Ef of the double Parallelogram EefF. But if the 


new Force had been only equal to half of the firſt Force impreſs'd, 


then the Body would only have gone in the Diagonal Eg of the Pa- 


rallelogram Ee F. 
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The Second Law of Motion. 


10. The Change of Motion ts — proportionable to the moving 
Force zmpreſſed ; and 1 is made in the right Line in which that 


Force 15 impreſs d. 


Ir any Force generates a Motion, a double Farce will generate 


double the Motion, a triple -Force triple the Motion, Fc. whether 


that Force be impreſs d all together and at once, or gradually and 


ſucceſſively. And this Motion (being always directed the ſame 
way with the generating Force) if the Body mov'd before, is added 
to or ſubtracted from the former Motion, according as they di- 
rectly conſpire with, or are directly contrary to each other; or ob- 
liquely join'd when they are oblique, ſo as to produce a new Mo- 
tion 4 (5: from the Determination of both. 


11. Leer the Body A“ receive an peil in the Direction AL, 
ſo as to go thro' any determinate Space in a determinate Time; as 
for Example, the Space AB or one Rod (16 + Feet) in a Second 
Minute of Time. The Body will, according to the firſt Law, by 
virtue of the Force impreſs'd, go on uniformly thro' the Spaces 
AB, BC, CD, DE, EF, FG, GH, HI, IK, KL, Sc. ſo as to de- 


ſcribe each of them (ſuppoſing them all equal) in a Second, and ſo 


on in inſinitum. Now when the Body is in motion, if the ſame 
Force that acted upon it at firſt, or one equal to it, ſhould act up- 
on it again in the ſame DireQion, when it 1s at B, for Example; 

then w ould the Body be carried thro' a double Space, vi. the 
Space BD, in a Second, and ſo thro' DF, FH, HK, &c. in every 


Second, that is, with double Velocity; becauſe, whilſt it was going 


on at the Rate of one Rod in a Second, it receiv'd an Addition of 
Force capable of making it go alſo a Rod in a Second, and conſe- 
quently that Addition of thoſe two Forces that conſpire give the 
Body a double Velocity. It the Body in motion, when at B, 


had received the ſecond Impulſe by a Force double of the firſt 


Force, it would after that i:apilie gy on in each Second thro' the 
Spaces BE, EH, HL, Sc. that is, with a triple Velocity. If after 


receiving the Second Impulſe with a Force equal to the firſt, 


wi it is going on with double Velocity (for Example, thro' the 
ace BD or DF, Sc. in a Second) it ſhould receive a third Im- 


nt (ſtill in the fame Direction) equal to the firſt, then it mes go 
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from D to G, and fo on from G to K, &c. every Second of Time; Lect. V. 
hon mmm 
. F . 


that is, with a triple Velocity, after three equal Impulſes, juſt as it 
would do after two unequal Impulſes in the Proportion already ex- 
lain'd : as it would alſo do if it had receiv'd but one Impulſe at 


firſt, but three times greater than we then ſuppos'd. 


1. whilſt the Body by the Force impreſs'd is (by the firſt 
Law) going on uniformly thro' the Spaces AB, BC, Sc. a Force 
equal to the Force impreſs' d ſhould act upon it in the Direction 
LA (that is, in a contrary Direction) the Body would loſe all its 
Motion. But if this laſt Force ſhould only act upon it after it had 
receiv'd ſeveral Impulſes according to the firſt Direction, it would 
only deſtroy ſo much of the Motion as its own Quantity of Force 
would be capable of producing : tor Example, it the Body, atter 
wo Impulſes, was going on thro' the Spaces DG, GK, Sc. that 

, 3 Rods in a Second, and then it thould receive a fourth Impulſe, 
bar in the contrary Direction, it would only loſe fo much Motion 
as to go thro' but two Rods in a Second, and continue to go on 
uniformly with that Velocity, juſt as if it had receiv'd but two Im- 
pulſes. Again, if when it is going 3 Rods in a Second it ſhould re- 
ceive two Impulſes at once equal to the firſt, but in contrary Direc- 
tions, one in the former and the other in the oppoſite Direction ; thoſe 


Forces would deſtroy each other, and the Body would go on uni- 


tormly with the ſame Velocity that it had before thoſe Impulles, 
Viz, 3 Rods in a Second. N. B. We don't conjiger any Elaſticity 
that the Body might have. 


13. NOW, let us once more ſuppoſe the Body to be going © on uni- 
for mly at the rate of a Rod in a Second, or thro' the Spaces AB, BC, 
Sc. Su poſe when it is at E, a new Force equal to the firſt (or 
eq ua] to the Force which the Body has then) ſhould act upon it in 
the Direction Ee, or at right Angles to its preſent Direction AL; 


the Body “id change its Direction, and move (as has been thewn) 


PL. 


in the Diagonal Ef of the compleated Parallelogram Ee F +. If xx. z. 
the new Force had been double, then the Body would have gone 2 - 


in the Diagonal Ef of the double Parallelogram EefF. But if the 
new Force had been only equal to half of the firſt Force imprelſs'd, 
then the Body would only have gone in the Diagonal Ep of the Pa- 
railelograia EegF. 
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Hence it follows, that let the Quantity of. the new Force be 
What it will, if it as at right Angles, the Velocity will be greater 
than if the Body had ue in its firſt rectilineal Direction; 
becauſe (as has been ſhewn +) the Body by the Action of the two 


| 2 orces deſcribes the Diagonal in the ſame Time as it would have 


deſcribed either Side of the Parallelogram by the ſingle Action of 
one of the Forces; and in the Parallelograms E , E £ Ef, the Dia- 
gonals are longer than the Sides, as they ſubtend the right (that is, 


che biggeſt Angles) of the rectangular Triangles EF e, EF and 


EFf.* N. B. Whenwe make uſe of theſe Wor 4 the Force impreſſed, 
oy the innate Force, we mean the F aka which the Body has when it 
7s in motion, without conſidering what firſt gave the Metion : That 
10, we mean the ſame thing that Sir To Newton calls Vis inſita. 


BOROLIARY I 


H NC folloys alſo, that if the new Force e acts at acute Angles, 


its Effect will be more conſiderable the acuter the Angle i is; but it 
will never increaſe the Velocity of the Body ſo much, as if acted 


at no Angle, that is, in the ſame Direction For. example, ſuppo- 


ſing the new Force equal to e Force impreſs d, and its Direction 
GF g will be the acute Angle made by the 


to be in the Line Fg, 
two Directions. Now it is evident, that the leſs the Angle G F g 
is, the greater will be the Angle F G g, and conſequently the Dia- 
gonal Fg (ex preſſive of the Body s Velocity) which ſubtends that 
Angle, will alſo be greater: but whilſt there is any acute Angle at 
F, there will be an obtuſe Angle at at G, and GF g will be a Triangle 
in which one fide. Fg will always be leſs than the two other Sides 
Fgand Gg , which are equal to the two FG and G H, through 
which the Body goes, when the two Forces act in the ſame Di- 
rection, in the tame Time. 


EOROLLARY I. 


IT follows likewiſe, that the new Force may act upon the Body 


in ſuch a Direction, that the Body will not be accelerated thereby; 
nay, ſometimes retarded. For if the new Force neither conſpires 


with the Force impreſſed, by acting at acute Angles with its Di- 
N rections, 
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rections, nor acts at right Angles with it; the Body may keep' its Le: V. 
Velocity, tho' in a new Direction, nay even go flower when the —>—- 
new Force acts at obtuſe Angles. - Let us, for example, ſuppoſe + N 
the new Force, equal to the Force impreſs'd, to act when the Body 
in motion is at K, in the Direction K k, fo that the obtuſe Angle 

LK k may be of 120 Degrees: then will the Diagonal K I of the 
Parallelogram KKL be equal to the Side K L, becauſe K LI and 

Kk are two equila 'teral Triangles, and therefore the Body will 

have the ſame Velocity as before. But if (every thing elſe remain- 

ing as we have ſuppos d) the new Force ſhould be leſs than the 

Force impreſs'd, as for example, only equa] to half of it, the Ve- 

loc ty ot the Body would be diminith'd : for then K + Would re- 

8 nt the new Force, and K / would be the Diagonal of the Pa- 
rallelogram (which would now be KL /#;) and K 7 falling from K, 

one Angle of an equilateral Triangle, upon the Middle of its oppoſite 

Side, would be thorter than any of the Sides; therefore, Sc. If the 

new Force was more or leſs than half in any Proportion, t the Velo- 

city of the Body would indeed be leſſen'd, but not fo much ; for 

then the Point / would full between L Et between I /, and in any 

of thoſe Caſes the Diagonal would be longer than K /, becauſe K / 

« perpendicular to LI, and the ſaid Diagonal would be oblic 

it, therefore longer, tho' ſtill ſhorter than the Side K L. 


je to 


Ir the new Force had been greater than the Force impreſſed, 
for example double, the Body then (ſuppoſing the Angle of Ap- 
plication the fame) would increaſe its Velocity by the Action of it ; 
or the new Force being repreſented by K 1, the Diagonal or Velo- 
city would be K 2, longer than K L. But then if the Direction of this 
greater Force (ſuppoſing it now diminiſh'd in the Proportion of LA 
LE) ſhould be more oppoſite to the Direction of the Force im- 
N ; that 1s, if the Angle LK 1 ſhould be increaſed, for ex- 
:mple 30 Degrees more, ſo as to become LK 2, then the Body 

would not change its Velocity with its new Direction, becauſe it 

;uld go in the Diagonal K k, which is equal to K L. Nay, it 
the = hw gle of Application ſhould be greater than KL 3, or of more 
an 150 Degrees, the Velocity of the Body would be diminiſhed, 
the new Diagonal becoming ſhorter than K k. 


the new Force was only equal to the Force imprets'd and its 
V; ection K 4, that is, if the Angle of Application ſhould be of 150 


)-crees, the Velocity of the Body would be diminiſhed by near half, 8 ” : 
| © Diagonal K 5 being then but a little more than half of K 1 2H 
= -(=KE): | - 


1 3 n 
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Lec. V. (SKL) becauſe it ſubtends the Angle K L 5, which is but half of 


the Angle KLI. N. B. Knowing the Angle of Application and Quan— 


„„ of. the new Force, we may always know what will be the Ve elocity of 


the Body after t Action f the new Force; becauſe the Diagonal that 

ſhews it, is alu known ; as it is one Side of a Triangle, in which 

two Sides reprejenting t he two Forces are given, and the Angle be- 

+ By 15. and faveen them, and conſequently the 3d Side F, which is the ſaid Dia- 

17. 1 Euclid. ganal. The Angle known does always contain the Number of Degrees 

that the Angie of Application wants of 180. Thus in the Triangle 

K k L, where K Land Lk (= K 3) repreſent the Forces; (becauſe 

„By 29.1, Of the Parallels K 3 and Lk) * the Angle KLk is equal to I K 3, 

Euclid. which LK 3 wants of 180 Degrees; and conſequently the Dia- 
gonal Kk, which ſubtends that Angle, is known. 

14. IT has been obſerved, that when a Body falls during one 

Second of Time, it goes thro' a Space equal to 16 + Engliſh Feet, or 

one Rod, as we have already mentioned **: therefore the Force im- 

preſſed by Gravity at the Beginning of its Fall (conſidering Gravity 

| only as a Blow) is capable of making the Body go downwards at 

+ By the firſt the rate of one Rod in a Second , tho' it ſheuld act no longer 

m_ e upon it than during the firſt Second; that is, tho” the Body ſhould 

3:1 3. F. 8. for ever after ceaſe to be heavy. For example, if the Body A * 

falls thro' the Space A B during the firſt Second of its Fall; if then 

it ſhould ceaſe to be heavy, yet it would go thro' the Spaces equal 

to AB during all the ſucceeding Seconds of Time, vig. thro' the 

Spaces Be, e Dj De, ef, /G, Gb, hi, i l, &L, Sc. But as the 

Body does not ceaſe to be heavy, we muſt conſider the Action of 

Gravity as an Impulſe given by a new Force equal to the firſt, act- 

ing downwards when the Body 1s got to B at the Beginning of the 

2d Second, and the Body during the 2d Second will go through the 

Space B D double the Space AB, or equal to the two Spaces Be 

and c D. Then if the Body ſhould ceate to be heavy, it would go 

uniformly thro' the double Spaces Dy, A, &c. every Second; but 


Gravity acting upon it alſo at the Beginning of the 34 Second, when | 


it is at D, ſuperadds a Force able to make it go thro” a Space equal 
to the firſt AB ina Second: conſequently it will go thro' 3 Spaces 
or Rods (or thro' a Space D G equal to 3 Rods) the 3d Second. 
At the Beginning of the fourth Second, Gravity acting by a fourth 
Impulſe ſuperadds a Force equal to the former, whereby it will 50 

| the 


** Bodies in reality only fall 16 Eugliqb a half Feet) gives us ſuch a Number as to a. 
Feet and one Tenth of a Foot in a Second; void Fractios in the Examples of the Calcu- 
but we call that Space here 16 and a half Feet; lations that we give. 

becauſe one Rod {which is a Meaſure of 10 and 
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the Length G L, that is, four Rods or Spaces the fourth Second ; Le&. V. 


and ſo on ; 


and this will be a Motion uniformly accelerated, 


THrrs Motion of a Body thus accelerated in its Deſcent would be 


the real Motion of falling Bodies, 


if Gravity acted by Intervals, as 


we have only ſuppos'd, to help Conception : But as Gravity never 
_ ceaſes to act, we mult fill up the Intervals between the Beginning 


and End of * Second or {mall Part of Time. 


—  —— 
TINT. ot. 


Tuus, if we conſider the Body falling thro' the Space A r, 
(Fig. g.) in the firſt Second, we muſt not only conſider Gravity ſu- 
peradding a Force capable of making the Body fall one Rod farther 
at the Beginning of every Second ; "but allo during the Time of 
every Second. For example, at B at the Beginning of the 2d Se- 
cond, the Body not only receives an additional Impulle to carry it 
to d inſtead of c, but alſo during the Time of the 2d Second ano- 
ther Impulle, which makes it go to E inſtead of d; ſo that the 
Body will fall 3 Rods during the 2d Second. Likewiſe at the Be- 
ginning of the 3d Second, when the Body is at E, it will again re- 


ceive from Gravity one Impulſe at the Beg! 
and another during the Time of it ; 


inning of that Second. 
ſo that it will go thro' the fs 


Spaces Ef, fg,g b b i, and i K, during the Time of that 3d Second, 
So in the Time of the 4th Second, the Body will (for the fame Rea- 


lon) g 


ber of Spaces deſcrib'd increaſing by two every Second ; 


cording to the Series of the odd Numbers, 1, 3, 5, 7, 9, © 


As a great Part of my Auditors, tho” very curious, are unacquaint- 
ed with mathematical Studies; ; 1 always found it very difficult to 
m. ke them underſtand the Effect of Gravity in accelerating 


in their Fall, by Galileo's Scheme of Triangles, till I had pre pared 
but as that 


them by what I have now faid in the rwath P aragraph ; 


Account is not ſtrictly true, I hope this following will ſatisfy every 


body, 


o thro' ſeven Spaces or Rods from K to R, and ſo on, the Num- 


that is, 


1 


Aac- 


Bodies 


The Actions cr Accelerations of any centripetal Force upon a Body, 


re (at the fame, or equal Diſtances "from the central Boay) always 
And ſuch 


 proportionable to the Times; 
25 "e thoſe of OP (as to Senſe) near the Surface of the I 


Vor . 


that 1s, equal i 771 equal Times 
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SUPPOSE a Body free to fall in Vacno, receives the Impreffions 


or Impulſions of Gravity during a certain Time, as for Example a 
whole Second; if that Time be divided into a great many ſmall 


Parts or bacervals (which I call Moments or Inſtants) the Velocity 


of the falling Body will increaſe uniformly or equally at every ſuch 
Inſtant; which being all ſuppos'd equal, the Spaces deferib'd in 
thoſe Inſtances by the falling Body, muſt be as the Velocities; that 
is, as the Terms of an Arithmetical Progreſſion, ſuch as the fol- 
lowing. 


Moments or Inſtants. Velocities or Spaces. 


I ſt —— — ew — — 


1 
EEE = . 2 
_- -— =; 
4th ——A — 88 4 
— K — 


Tur firſt Term of which is the Velocity of the falling Body, at 
the End of the firſt Inſtant acquir'd by the Sum of the Impulſions 
of Gravity during that Inſtant. The laſt Term will be the Velo- 


city of the falling Body at the End of the laſt Inſtant of the Fall: 


And in the like manner the middle Term of the Progreſſion will 


expreſs the Velocity acquired at the End of half the Time of the Fall, 
by the Sums of the Impulſions of Gravity during half the Time of 
that Fall. And fince the Spaces deſcrib'd in the ſame Time, are 


as the Velocities, the Sum of the Terms of the Progreſſion will 


ee To Su TOTS WS Sg 


exprets the whole Space deſcrib'd during the whole Time of the Fall. 


Now by the Doctrme of Progreſſions, it is univerſally known, that 


the mean Term multiphed by the Number of Terms, gives a Pro- 


duct equal to the Sum of the Progreſſion; that is, in the preſent 
Caſe, the mean Velocity (which is the Velocity, that the Body has 
acquir'd at the End of half the Time of its Fall) multiplied by the 


whole Time of its Fall, will give a Space equal to the Spaces de- 


ſcrib'd by the Body 1 that Time, with an uniformly accelerated 
lotion. 


That 1s, in other Words, 


Tn ar, if the Body awas to move uniformly during the whole Time 
F the Full <1:h that mean Velocity it has, when it has fallen half 


. eil Tie; 5 at 7 ill deſcribe (7 OPACE equal 70 that, 2 which it deſcribes 
| during 
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during tbe whole Ti me, when it ſets out from Reft, and bas its Velo Lect. V. 


city accelerated all the while. 


Now fade we have already ſaid, that the Velocities, or the Ac- 
cclerations of the falling Body, are always proportional to the Times; 


the ultimate Velocity at the End of the Fall, muſt be double that of 


the mean Velocity, acquir'd at the End of half the Time of the 
Fall; and conſequently, if that laſt, or greateſt Velocity, be multi- 
plied by the whole Time of the Fall, the Product will be the Space, 
which the Body would deſcribe with that laſt Velocity in the ſame 
Time, and with an uniform Motion, which is double of the Space 
deſerib d during the ſame Time, with the mean Velocity, or its 
Equal, v/z. the Space deſcrib'd during the fame Time by an ac- 
celerated Motion. 
'Tis therefore evident, that after a Body 1s fallen freely during a 
certain Time ; it has acquir'd, by the equal and uniform Ac celera- 
tions of Gravity, a Velocity, ſuch as would make it deſcribe (in a 


Time equal to the Time during which it fell) a Space, double of 


that Space it went through in the ſame Time, with a Motion uni- 
tormly accelerated, 

FROM hence, it will plainly appear, how the Motion of falling 
Bodies is accelerated ; and the Spaces they deſcribe in any equal 
given Times, are as the odd Numbers 1% 3% 5% 7% Ge. ane the total 
Spaces as the Squares of the Times. For let a Body in vacuo be 
ſuppoſed to fall by Gravity during the Time of 4 
it be found, that at the End of the firſt Second, it has defcrib'd a 
Space equal to one Rod; was Gravity to act no longer upon it, it 
has already acquir'd by uniform Accelerations, ſuch a Velocity at 
the End of that 1ſt Second, as would make it deſcribe a Space e- 
qual to two Rods during the next Second with an uniform Motion. 
But Gravity continuing to act during the ſecond Second, the Sum 
of its Actions or Impulſions will be (near the Surface of the Earth, 
where the Diſtance from the Center is not ſenſibly alter'd) equal 
to that of the Impulſions in the firit Second, and therefore the Body 
will deſcribe three Rods in the next Second. Now to find the Ve- 
locity of the falling Body at the End of the ſecond Second; we may 
conſider, that ſince from Gravity it acquir'd an uniform Velocity 
of two Rods per Second, by the Actions or Impulſions receiv'd 
during one Second, it will acquire a double Velocity, vg. of four 
Rods fer Second of Time, atter it has fallen, and been acted upon 
by Gravity, during two Seconds of Time; ſo that in the third Se- 
| Uu ? 5 cond 
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cond (inſtead of the four Rods it would deſcribe, was Gravity to 
ceaſe to act) it will deſcribe five Rods, becauſe during that third 
Second, the Impullions of Gravity are alſo ſuppos'd equal to thoſe 
it receiv'd in the firit. In the ſame manner, and for the ſame rea- 
ſon was Gravity to ceaſe to act, after having acted three Seconds, 
the Body would have a Velocity to deſcribe ſix Rods in one Second, 
(triple of two Rods fer Second, which is the Velocity, that Gravity 
gives in the Impulſions of a Second; ;) but Gravity acting as before, 

during that fourth Second, the Body will, by the Addition, or Sum 
of al | hot joint Impulſions, deſcribe ſeven Rods; ſo that the Time: 
and s Spaces will be as follow S, 


Number of each par ler Second. 88 
/// 2 .. 
SS 2d = 3 deſcrib'd 
r 5 in each 
8 E. = - - 7Jof them. 
4. Seconds =: ͤ ( 16 Rogs 


AND it evidently appears from this Progreſſion, that the total 
Spaces from the Beginning of the Fall, are as the Squares of the 


Times ſpent, during which the Bodies fall ; for in one Second the 


Spaces deſcrib'd are 1 Rod; in 2 Seconds, 1+ Z=4 Rods (2x2}3 
in 3 Seconds, IZ + F e Rods (3% 3 ); and in 4 Seconds, 1-+ 7 
* 7 _ 36 Rods (4 x4). * de it 15 true, that the Spaces 
deſcrib 4 by falling Bodies, are in a duplicate Ratio of the Times or 
Velocities ;, and on the contrary, that the Times of the Fall or the 
Velocities acquir 'd at the End of thoſe Times, are in a ſub- dupli- 
cate Proportion of the Spaces, or as the ſquare Roots of thoſe 
Spaces. 


Tus is the true Manner of Bodies falling with an accelerated Mo- 
tion by the Force of Gravi ity, abſtracting from the Reſiſtance of 
Air, w hich we thall hereafter take into Conſideration. N. B. All 
Bodies fall equally ,wifft chere there is no Air, as has been proved 


by the E xt iment of a Piece of Gold and a Fuser falling in the. 


fame tame from the fame Height in an exh 2 4 Receiver . 


ar we have ſhewn (Step by Step) of the Effect of 
Gr. 51 on falling Bodies, may be demonſtrated another way after 


Go liles' 8 


* © 


„ 
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Galilo's Method, thus: As Bodies (abſtracting from the Air's Lect. V. 
Reſiſtance, as we have faid) increaſe their Velocity in falli ing aq 


cording to the Time during which they fall, Caliles repreſents the 
Times and Velocities by equal right Lines, which he j Joins at right 
Angles ; and then joining their other Ends by a third right Line, 
makes a rectangular Triangle, of which this laſt Line is the Hypo- 
tenuſe, to repreſent the Space fallen thro” in a certain Time; AB, 
for example, + repreſents the Time; B V repreſents the Ve elocity ; 
and the Triangle AB V the Space gone thro' during that Time; 


as for example, one Rod, if the Time be one Second. Now, - 


the Time be double, ACrepreſents it; and then the Velocity being 
double alſo, the Line C U muſt repreſent | it. Draw U A, and the 

large Triangle AU C will repreſent the Space fallen thro” in that 
Time; which greater Space being divided into Triangles equal to 
the firſt ABV, will appear to contain four of them. Therefore, 


 lince a Body falling one Second of Time goes thro' the Space of 


one Rod, the ſame Body falling two Seconds will go thro' the 
Space of four Rods. Had the Time been A D (== z Seconds) the 
Velocity would have been DV AD, and the Space AvD 9g 
Rods, or ꝙ of the firſt Space. Thus, if the Time be AE== 4 
Seconds, the Velocity muſt be E quadruple of BV, and the whole 
Space Au E containing 16 times the firſt Space AVB. 


CORO BERL 


HeNCE it follows, that if you multiply the Times by the Velo- 
cities, or if you ſquare the Times, or ſquare the Velocities, you will 
have the Number of Spaces (equal to the EUR) which the Body has 
deſcrib'd during its whole Fall: As here, the Times being 4, and 
the Velocities 4, the Spaces gone thro' are 16. 


COROLLARY It. 


H Nc follows alſo, that if you mark the Times (or Number 
of Seconds) 'as the Numbers „ 2, 3, a, in the Scheme ſhew; you 
will have, againſt any of the partic ular Numbers, as many little 
Triangles as the Body has gone thro” Spaces during the Part of Tune 
expre 5 by that Number. For r example, there 1s on the right Hand 
one Triangi- over-againt. the Number 1, three over-againſt 2, five 


Over- againft 35 and 7 OVer-agal: dul 4 « And to know how many 


Rods a Body falls in any determinate Second or Part of Tia e, as 
| for 


- 
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Lect. V. for example, in the roth Second, without drawing the Scheme; 
-—— we muſt firſt find how many Rods the Body falls in the whole 


Time, as here in 10 Seconds ; then how many Rods the Body 
falls 4 9 Seconds, and ſubtract the lait from the firſt. 10 * 10 
is 100, the Number of Spaces in ro Seconds; 9 x 9 is 81, the Num- 
ber of Spaces in g Seconds ; 81 from 100 leaves 19, the Spaces o or 
R. ds fallen thro' in the 19th Second, 


COROLLARY m 


Ii appears likewiſe, as a Conſequence from what has been ſaid, 
that when a Body has fallen thro' a certain Space by a Motion uni- 
formly accelerated, it has acquir'd ſuch a Velocity as is able to carr 


it thro' a double Space i in the ſame Time, if Gr avity {ſhould ceale 


to act, or have its Effect any way deſtroy” d, or it the Body's Di- 
rection ſhould be chang'd from a vertical to an horizontal one, For 


example, when the Body in the Time AB , falling thro* a Space 


repreſented by the Triangle A V B, has acquir'd the Velocity B V; 
it, Gravity ccaſing to act, it receives no Addition to its Velocity, 
tho” it continues to full during the Time BC= AC, ſo that the 
whole Time mult be repreſented by the whole Line AC; yet the 
Velocity will not be repreſented by the equal Line C U, but by 
the Line C 4 equal to B V the Velocity the Body had when it 
ceas'd to accelerate its Motion: therefore to know how many Spaces 
the Body has gone thro' in the Time BC AC with an uniform 
Motion, we muſt multiply B C by C 4 BV the unchang'd Velo- 
city of the Body, and we ſhall have the Rectangle BVC, contain- 
ing two Triangles equal each to AV B; that is, tw o Spaces wall be run 
thro! by the Body moving with an equal Motion in the Time B C 
equal to the Time A B, in w hich the Body deſcrib'd only one Space 
by an accelerated in So likewiſe, if the Body having fallen 
thro* 4 Spaces during the Time AC, FRE having at the End of that 
Time acquir'd the Velocity CU; the Velocity be no more increas 2 
and the Body continues to fall during the Time CE=AC, it will 
fall thro' 8 Spaces inſtead of 12, that it would have fallen if the 
Velocity had continued to increaſe, ſo as to become Ez at the End 
'of the Time CE ; but as 1t 1s thim only Ee, equal to C U its Velo- 
city at the Beginning of the Time CE, we muſt multiply CE the 
Time by U C or Ee the uniform Velocity, and then we ſhall only 


have the Rectangle UC Ee containing 8 * inſtead of the Tra- 


pezium +: U 1 E « containing 12. 


THis 
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Tris will become viſible by changing the Direction of the mov- 
ing Body from a vertical to an horizontal one; for Gravity acting 
only perpendicularly, will neither accelerate nor retard the Body in its 
horizontal Motion, N. B. The manner of doing this we ſhall here- 


after ſhew, 


COROL ‚ 


Wr may alſo further gather from what has been ſaid, that Gra- 
vity does not act by Intervals, (tho' we explain'd it that way at firſt, 
to facilitate Conception ;) for if it did, after every every Impulſe the 
Body acted upon would go with an uniform Velocity, though it 
would have a greater Velocity after every Impulſe. Neither after 
it had fallen a certain Space would it have acquir'd a Velocity ca- 
pable of carrying it thro' double that Space in the ſame Time, ſhould 
Gravity ceaſe to act, but only thro” a Space equal to the firſt. 


FoR cans; as Galilæo's Method, the Triangle ACB 


(Pl. 25. Fig. 11.) repreſents the Space fallen thro* in any Part of 


Tr ime, ſuppoſe one Second, in the Time AB with a Velocity 2 
cent (or juſt beginning) at A the Beginning of the Second, and equal 
to CB at the End of the Second: whereas if a Body ſhould fall one 
Rod in a Second by an Impulſe as a Blow, the Velocity at firſt 
would be equal to AD, and continue fo during the whole Time, fo 
that at the End of the Second it would only be B V equal to AD 
and half of BC, whereby without a freſh Impulſe it would only 
carry the Body down one Rod more in another Second ; for then 
the Time multiplied into the Velocity would only produce the Rect- 
angle ADVB equal to the Triangle ACB, becauſe it 1s of the 
ſame Height and has half its Baſe. 


16, Ir the Direction of a falling Body be ſo chang'd as to make 
it go directly upwards, beginning that Motion with all the Velocity 
it had at the End of its Fall, it will go up (by a Motion uniform- 
y retarded) exactly to an. Height equal to that from which it 
ell, and the Spaces it goes thro' in each Part of the Time are to 

e ſeen in the Scheme over-againſt the Numbers repreſenting thoſe 
Part, of Time. If, for Example, the Body has fallen 4 Seconds, it 
will have gone thro' 16 Rods in its Fall, and have acquir'd the Ve- 


ocity Ex + capable of carrying it 32 Rods in the ſame Time by an - 


inform Motion; but as Gravity acts againſt it in its Riſe, it will 
gelte roy all its Motion by the Time that it has riſen only 16 Rods: 
tr 
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Lect. v. hs it is the ſame thing to make a Body from Reſt move 16 Rods 
downwards in a certain Time, as to deſtroy half of the Force which 
was able to carry a Body upwards. 72 Rods in the ſame Time. 
The fame Thing will alſo be plain if you conſider the whole Time, 
as divided into - | Parts, and obſerve the uniform Diminution of 
”! 2: F.ro. the Body's Motion. For Example; let the Body be thrown up- 
wards, and let the Spaces which it goes thro” in every Second be con- 
ider d. If the Velocity given to the Body projected upwards be 
ſuch, that in the Time ED (w hich will now be the firſt Second of 
Time) it gocs thro' 5 Rods, the next Second it will go but 5, be- 
auſe Gravity gives it an Impulſc downwards at the Beginning of, 
and during, the 2d Second, able to carry it downwards 2 Spaces or 
3 which is (in other Words) to take away 2 of the 7 Spaces, 
chich the Body would have gone thro' in that Time. Thus like- 
wiſe, inſtead of going 5 Spaces the 3d Second, Gravity taking away 
2, it will go but 3 Spaces ; ; and the 4th Second (the laſt of its Riſe) 
inſtead of e going 3 Spaces, it will for the ſame reaſon go but one; 
and then the Body will for an indiviſible Moment of Time be at 
Reſt. From the Point of Reſt the Body will come down again, 
falling with an accelerated Motion already deſcrib'd, and coming 
down \ juſt 3 in the ſame Space of Time that it went up. 


ESRD A TUM. Pl. 23. 12 
Ir a Body, inſtead of going upwards in the Line A B. ſhould riſe 
to the ſame Height in the inclin'd ſtreight Lines AC or AE, or 
in the Curves A aC or Ae E, it would in the ſame Time come 
down in the ſtreight Lines C D or EF, or in the Curves Ce D or 
E YF. For we have already ſhewn, that when a Body is acted up- 
on by Force to carry it in the Line AB ina certain time, if ano- 
ther Force A acts upon it too, the Body will go in the Diagonal 
AC of the Parallelogram A BC2 ” in the fame Time: And we 
have alib ſhewn, that it would go 1 a Parabolic Curve A e C in the 
fame Time from A to C. Now ſince the Force of Gravity in the 
Direction B A, which deſtroys the Motion of the rifing Body, 18 
equal to the Force of Gi ravity acting in the Direction Cg to make 
the Bedy fall from its Point of Reſt C, the Forces CE and C g 
are equal to Ag and AB, and therefore the Diagonal right Line 
CD, or curv'd Line Cc D, will be gone thro” in the ſame Time as 
the Lines AC and Aa C. The ſame might be f. ud of the Lines 
A E and Ae E compared with EF and E FF. N. B. When we 
torow a Body directly uproar ds, and it falls upon the ſame Place of 


the Earth wwe threw 7. from, then it really defci bes two ſuch Lines 
; as 
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as AC and CD moving from A to D by the Motion which the Earth Lect. V. 
gives it from Eaſt to Weſt. But if we "ſet it obliquely upwards, it N= 


deſcribes the two Curves AC, CD, or the Parabola A CD; or any 
other Parabola, as AEF, according 70 the Angle of the Di rection it 


ſets out ith, 
COROL BART L 


HEN C E it follows, that one may at any time know to what 
Height a Projectile, as a Bomb, or Cannon-Ball, Sc. (whether 
ſhot up directly or obliquely) has riſen. For if you take the Time 
between the firing the Mortar and the falling of the Bomb, the halt 
of it will be the Time of the Fall of the Bomb. Square the Num- 
ber of Seconds in that Time, and you will have the Rods or Spaces 
fallen through in perpendicular Height. Thus if 20 Seconds are 
claps'd from the firing of the Mortar to the Fall of the Bomb, half 
that will be 10, the Square of 10 is 100, which hundred Rods 

WW multiplied by 16 and a half, will give the utmoſt Height of the 
Bomb in Feet, vig. 1650. 

N. B. We 2 abſtract from the Ref Hance of the Air, which we 
ſhall hereafter conſider, and ſhew how to allow for it, as 22 ſe wwe 
take 16% Feet inſtead of 16,1 for the Reaſon above given. | 


COROLLARY IT. 


HENCE alſo follows, that knowing the Weight of a Body, and 
the Height from which it falls, one may know what Stroke it will 
give; that is, what Momentum it has at the End of its Fall: for the 
quare Root of the Spaces will always give the Velocity, which being 

ultiplied into the Maſs or Weight of the Body, gives us its Mas 


mentum &, 


SOME people have imagin'd, that a falling Body has a Nomen 
rum, and ſtrikes a Blow proportionable to the Height from which 
YN falls; for example, that a Pound falling from an Height of 4 Foot 
us four times the Momentum that it would have in falling from one 
oot.. But their Error lies in not taking the Time into confidera- 
ion; for a Body ſpends twice the time in falling 4 Foot that it docs 
n falling one Foot, ſo that the Velocity is oniy double in the firſt 
ige. Indeed, if a Body could fall 4 Spaces, or in any Direction 
vhatever go thro” 4 Spaces, while another Body of equal Maſs went 
hro' but one Space; it would then have four times the Momentum, 
nd conſequently be capable of a quadruple Effect. 
1. 1. | > 4, « | OTHERS 
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L. i. An. 11. 
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OTHERS again allow, that the Velocity is as the Square Root 


of the Spaces; but alledge that the Momentum is not as the Product 


of the Maſs by the Velocity of the moving Body, but as the Maf: 
multiplied into the Square of the Velocity; which Opinion they 
endeavour to ſupport by ſeveral Experiments, and various Reaſon- 
ings, many of which I ſhall confider in the Notes &. I ſhall only 
take notice here, that though I do not -think the Experiments of 
hard Bodies falling upon ſoft Subſtances (to be hereafter more full 
deſcrib'd) concluſive in reſpect of the Momenta of thoſe Bodies; 
yet they have very well prov'd, that yielding Subſtances, or ſoft 
unclaſtic Bodies, yield to a Blow of the ſame percutient Body i in 
proportion to the Square of its Velocity; and thence may be 


drawn very uſeful Conſequences applicable to the Practice of 


Mechanic ks. 


I's explaining the Action of Gravity upon falling Bodies we have | 


conſidered it as acting upon Projectiles always with the fame Force, 
though it is certainly weaker in its Effect the higher the Body 
acted upon is above the Earth, as we have ſhewn in the 1176 
Annotation. to Lect. IX. For Gravity (that is, its accelerating 
Force) decreaſes, as the Squares of the Diſtances from the Centre 


of the Earth increaſe. But as the greateſt Height to which we are 


able (even with Gun-powder) to project Bodies, bears no Propor- 
tion to the Diſtance from the Centre of the Earth, (ſcarce a 
20007h Part) we could make no Allowance for that Decreaſe of 
the Force of Gravity, without making too much, fince the Dit- 
terence is inſenſible. 


Ir the Force of Gravity was greater or leſs than it is here, 
Bodies would be accelerated by it in their Fall in the fame man- 
ner that we have explain' d; only the Spaces, which the falling 
Body goes through in the Cane Time, would be greater or leſs in 
Proportion. It the Force of Gravity was 4 times greater, a Body 
would fall 4 Rods in the 1/7 Second of its Fall; and if the Force of 
Gravity was four times leſs (as it would be if we were carried up to 
the Height of 4000 Miles, or removed farther from the Centre of 
the Earth than we are, the Diſtance of one Semidiameter of the 
Earth) a Body would fall but a quarter of a Rod in the firſt Se- 
cond of its Fall x. And if we obſerve, that in any Place on the 
of the Earth a Body falls not f great a Space as one Rod 


in a Second; we may be ſure that the Force of Gravity is lets 
there 
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_ than in our Country, where Bodies fall one Rod in a Second. Lect. v. 
Now this Obſervation has been made very near the Aquator, where 


from Experiments made on Pendulums it appears that Bodies do not 
fall a Rod in a Second ; and it follows from thence, that the Force 
of Gravity is leſs there than in greater Latitudes : which happens 
becauſe the Surface of the Earth is higher (that is, farther remov'd 
from the Center there than at the Poles) about 31 Miles; and part- 


ly, becauſe the Increaſe of the centrifugal Force deſtroys more of 


the Action of Gravity near the Æquator, than towards the Poles. But 
[ ſhall ſpeak more fully of this in another Place. In the mean time, 

I refer the Curious to Sir 1/Jaac Newton's Principia, Book 3. Prop. 20. 
5 the Philgſophical Tranſactions, N“. 386, 387, and EIS: 


18. Way a Body runs down an inclin'd Plane, it cannot deſcend 
with its whole Gravity, becauſe Part of it is ſupported by the Plane, 
and that in proportion of the Length of the Plane to its Height (or 
of the Radius to the Sine of the Angle of Inclination) as has been 


ſhewn in the 7th Annotation of Lect. 3. But then that Part of the L. z. Ann. 7 


Weight which is not ſupported by the Plane, or the re/ative Gra- 
vity, being always of the ſame Quantity, becauſe every Part of the 
Plane has the fame Inclination, will cauſe the Body that rolls down 
to accelerate its Motion in the ſame manner as a Body that falls 
freely down, but not ſo faſt; or in the ſame manner that Bodies 
W ould tall freely it the Force of Gravity was ſo much leſs. 


CON TRT 


po any ſtreight horizontal Line as CB, * raiſe a Perpendicular « pj , 25 F.13. 


at.C, and make AB the Hypotenule of the Tr tangle AB C (which 
to repreſent an inclin'd Plane) in Length equal to twice the Height 
or Perpendicular AC, Divide AB into 4 equal Parts mark'd by 
the Points D, F, G, and likewite AC into 4 equal Parts nn d by 
the Points E, H, IJ. Draw E D A IE 


Ir AE, EH, HI, and IC be the 4 Spaces (or Rods) which a Bo- 
dy falls thro' in 2 Seconds, AE will be one Space which the Body 


goes thro* in 1 Second . Now, if the Force of Gravity was but + N®.14,1% 


half of what it is, the Body, inſtcad of going down from A to C in 
two Seconds, would only go from A to H. Let the Body be laid 
upon the Plane AB, and then it will be ſo ſupported by the Plane as 
to deſcend towards B, with only half its Weight; that is, it will loſe 


Xx 1 | ; half 
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Lect. V. half its Weight, and advance upon the Plane no faſter than it would 
Mu H do in the Line AC if it fell freely down, and the Force of Gravity 
"1-25. F-13- was but half of what it is. The Body therefore rolling on the in- 
clined Plane will come wn but to D, which is upon the ſame 
Level (or as near the Center of the Earth) as E, in 2 Seconds. 
Whereas, if it had not been ſupported by the Plane, it would have 
tallen 4 Spaces or down to C. It has then at D the ſame Velocity 
which a Body falling freely from A has at E, but is (in this caſe) 
twice as long in acquiring that Velocity. If the Body, when it is 
come down to D, continues to move along the inclin'd Plane, it 
will for the  Reaſohs already alledg'd go thee the next 3 equal Spaces 
DF, FG, GB, in the next 2 Seconds of Time ; juſt as a Body fal- 
ling 4 freely in the Line AC would do if the Force of Gravity was 
but half; or as a Body will do now with the whole Force of 
Gravity in half the Time : and the Velocity of the rolling Body, 
when it is at B, will, be as great as the Velocity of the Body at C; 
but it will be ſo much longer acquiring it, as the Line AB 1s longer 
than AC. N. B. A more geometrical Solution of this may be found 
11 the 1775 Theorem of Dr. John Keill, 2½ hrs Introductio ad veram 
Phy ſicam. 


BDOROLLARY IT 


HEN follows, that whatever the Inclination of the Plane 1s, a 
Body will have e acquir 'd the ſame Velocity when 1t comes down to 
the Bottom of it as if it had fallen along the Perpendicular ; and it 
any two Points (as E and D, Hand F, I and G) be taken in the 
ſame horizontal Line, one upon the iel d Plane, and the other 
upon the Perpendicular, the Body will have the ſame Velocity in 
both, tho” acquir d in different Times. For if the Plane be leſs in- 
clin” + the relative Gravity which carries it down will be greater, 
and accelerate the Body to much quicker as the Plane is . 
whereas the more inclin'd or the longer the Plane 1s, the more flow 
its Acceleration will be. 


COROLLARY II. 


HLexcr follows alſo, that if a Perpendicular be drawn from any 
Point of the Line in which a Body fs freely to the inclin'd Plane, 
it will hew how far upon the inclin d Plane another Body would 
roll in the fame Time: if the Fall of both began from the jame 
Point : 


C\} 
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have ſhewn that a Body would fall along the Plane, in the fame 
Time that it would fall freely as low as C) is perpendicular to the 
Plane AB. For ſince by Conſtruction AB is the double of AC, 
and AC the double of AD, and the Angle CAD common, the 
Triangles CAB and CAD will be fimilar . and conſequently CD 
is perpendicular to AD. 


CORO RT Ik 


Hrxce alſo may be ſhewn, that if a Body ſhould fall down from 
the ſame Height along ſeveral Planes differently inclin'd one after 


another, as for Example the Planes AD, DE, EB, + it would have 


acquit d the ſame Velocity as if it had fallen along » only one Plane 
.as AD, or the FEENEY AC. 


COROLLARY IV. 


Ir is likewiſe evident, that if a Body falls in an Arc of a Circle, 
it will have the ſame Velocity at Bottom, as if it had fallen in the 
Perpendicular ; becauſe an Arc of a Circle may be conſider'd as an 
infinite Number of Planes differently inclin'd. 


109. Tn Doctrine of Pendulums is naturally deduc'd from what 
we have explain' d about the Fall of Bodies; but as there are ſome 
Things in it that require the underſtanding the 3d Law of Mo- 
tion, we mult defer it till that Law is explain d. In the mean time 
we will give an account of thoſe Mechanical Organs or Inſtruments 
which were omitted in the 2d Lecture, (when we deſcrib'd the 
imple Machines commonly, but er roncoully, call'd Mechanical 
Powers :) becauſe the Principles explain'd in he Lecture were not 


ſufficient for it, without the Knowledge of the iſt and 24 Law of 


Nature, 


20. THe ſeven ſimple Machines or mechanical Organs which I 
deſcrib'd in my Second Lecture, are only Inſtruments to perforin the 
lame thing different ways ;—nam iy), to conv ey the Powers excrted 
or ſpent by tome Body acting, fo as: be aj Hed for the moving 
of other Bodies, ot to tianſmit or regulate the x r from one Body 


to another, Now the Inftranments I am about to 3 will alſo 
{erve 
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Point: That is, in this caſe CD, which from the Bottom of the Lect. V. 
vertical Line AC comes upon the Plane at D, (to which Point we 
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ſerve ta perform this, therefore they may very well be call'd Me- 
chanical Organs; but the difference in the acting is this: In the 


Machines or Organs already deſcrib'd, a great Part of the Strength 
of the Men or other Animals, Sc. (that is, the Intenſity of the 


Power) is loſt in the rubbing, ſticking, ſtretching, wearing, and 


yielding of the Parts of the Machine, am the Force of the Men, 
e. employ” d, can only be exerted by degrees, with the loſs afore- 
ſald. But in the Machines I am about to deſcribe, the Power is col- 
lected and convey'd from Body to Body with little or no Loſs by 
Accumulation continuing in the fame Line. 


1. Ir a Man weighing 140 Ib preſſes with his whole Weight, 


ur exerts a Force equal to his Weight, upon a Leaver or Balance- 


Beam equally divided by its Center of Motion, it is impoſſible 
tor him to overcome a Reſiſtance greater than 140 Ib, tho' he 


ſould act upon the Beam a whole Day with all his Force, 
the Man's Power or Force being deſtroy'd as faſt as he exerts 


but if he can communicate his Force by degrees to a Body 
th it Call keep it all, and exert in a Moment the Sum of all 


the Impulſions given by the Man at ſeveral times, that whole 


Force of the Body fo collected, and as it were condens'd, will 
perfor at once what the Man could never have done by an 
Engine in the common way. Such a Body was the battering 
Nas of the Antients, which was a very large Piece of. Timber 
(one of which we have deſcrib'd in the 3d Annotation of the 2d 


Lecture *) headed at one End with Metal, either Braſs or Iron, 


which was contriv'd various ways to be ſupported, and by the 
conjoin'd Strength of many Men made to be moved with the 
Metal-headed End forward ; till having receiv'd and kept all 
the ſucceſſive Impreſſions of the Force of the Men hich Was 
wholly employed to move the Ram forward; becauſe its Weight 


Was ſuſpended by Ropes or Chains from a Diſtance above it to 


allow it to ſwing freely) it had by little and little acquir'd a cer- 
tain Degree of Velocity; and with that Degree of Velocity it met 
with or ſtruck the Walls or Fortifications of Cities or Caſtles, and 


thereby remov'd or beat them down *. This Machine is by the 


Men 


No doubt but the firſt Invention of the cles that extend his Legs, his hind Feet be- 
battering Ram was copied from Nature, rather ing fix'd hard againſt the Ground, makes 2 
than mathematical Re: iſoning : that is, from ſecond Attempt ; and, by a ſudden Stroke of 
what a Ram is obſerv'd to do by Init: net. If his Head, removes the Obſtacle which reſiſted 
that Creature, having in vain puth'd with his too much before: in ſuch a caſe afterwards, 


Head againſt an Obitacle by help of the Muſ- he retires ſo far as to be able to . his 
1 otion 


wn ww x 8 4 
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Men accelerated in an horizontal Direction in the manner that fall- Lect. V. 
The Man- 


ing Bodies are accelerated by Gravity in a vertical one. 
therefore that ſhould be unable to overcome a Reſiſtance greater than 
140 lb by the common mechanical Organs, might do it by a heavy 
Body ſwinging horizontally in ſuch a manner that he could give it 
a Motion accelerated till it reached the Obſtacle ; that is, he could 
do it by means of a ſmall battering Ram. And if it was required 
to have a Force impreſs'd downwards, he might overcome the Re- 
ſiſtance by the Rammer, or heavy Body made uſe of to drive Piles 
into the Earth ; where applying his Force ſucceſſively againſt Gra- 
vity (that 1s, raiſing the Body to a certain Height) the Rammer 
would be put into ſuch a Situation, as to receive an accelerated 
Motion from Gravity before it acted upon the Reſiſtance, which 
at laſt it would do with a great Force, becauſe the ſame Quantity 
of Matter would move with a great Velocity; ſo much the greater, 
as it had ſpent more time in falling, by reaſon of the Height it had 
been raiſed to. N. B. Ir would be wrong to alledge here, that a 
Man, who conld not raiſe a Weight, or overcome a Reſitance Jn 
thing greater than 140 Ib, with the Force 140 by means of a Leave 

cr Beam, whoſe Brachia are of equal Length, might do it by n 
ing his Power farther from the Centre of Motion; becauſe we are to 
ſuppoſe the Werght or Intenſity of the Reſiſtance to be al ways in a Pro- 
portion to the Pewer ſomething greater than the reciprocal Propor- 
tron of Diſtances : : that is, we are to ſuppoſe in this Compariſon, a Caſe 
'mpeſſible i in the common Uſe of mechanical O7 gans. 


22. TUE Mall or Hammer, which is a Body or Maſs of Wood 
or Metal, directed or moved circularly, or in a curve Line by the 
Handle, ſo as by degrees to receive a certain Velocity, and thereby 
to have a Power of moving, or making Impreſſions on, other 
Bodies, partakes of the two above-mentioned Organs; as it receives 
an accumulated Force from the Arm that moves it, and at the 
ame time from Gravity, when it is made uſe of to ſtrike down- 
wards, Though it is mov'd circularly, yet its Stroke is made in a 
ſtreight Line, namely in the Tangent to the Curve in which it 
moves, juſt at the Point of the Curve in which the Blow 1s made; 


Motion to the utmoſt that his Muſcles can ex- Animal which he runs 2gainſt ; his Horns be- 
ert their Action in running, and thereby give ing ſo plac'd and fix'd on his Head, that he 
2 prodigious ſtrong Blow by the accumulated feels no Pain from the Shock. 

: 0Ice with his arm'd Head, to the Thing or 
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A Courſe of Experimental Philoſophy. 


ect. V. becauſe all Bodies mov d in a Curve endeavour to fly off in a Tan- 
dent that Curve, as we have already ſhewn *. 


>, 
+ of i 


1 


23. Tux Fly (ſome of whoſe Uſes I have 8 confider'd 


in the 4th * Lecture) is an Organ whereby the Body moved is 
caus'd to circulate or move round about a Center or Axis, and 
thereby is capable of accumulating the Powers impreſs d upon it 
by degrees, ſo long as ſhall be requir'd. This differs from the 
Hammer and Mall in this particular, as the Capſtane differs from 
the Leaver: for whereas the Leaver can only lift or remove the 
Body for a very ſhort Space, the Capſtane can perform it for a 
given or requir'd Space. So that the Hammer or Mall can only 
receive 0 Power as can be given it in the Part of an Arc 
or Circle, or in a ſtreight Line of a ſhort Length; but the Fly 
can ls its Power by Accumulation in many Revolutions, and 
ſo is made receptive of a g1VCn Power and Velocity, and can exert 
the ſame on any other Body in a determinate Manner. 


24. THy1s mechanical Organ join'd to the Screw, compoſes that 
powerful Machine, whereby they impreſs the Stamp or Image 
upon Coins and Medals, which requires a prodigious as well as re- 


gular Force and Power. Now in this Engine there are accumula- 


ted Powers, by three mechanical Organs; firſt, by the Fly, where- 
by the Strength of the Man moving it 1s accumulated into the 


Weights at the End thereof : ſecondly, That Power accumulated _ 
is condens'd and impreſs'd on the Cylinder of the Screw by. 
means of the Radiz at the Fly, which are two Leavers that 


ſerve to condenſe the ſame in a given Proportion: thirdly, That 
Power ſo communicated to the Cylinder accumulated and con- 
dens'd, is again condens'd by the Slope of the Screw in a given 
Proportion ; and ſo the whole Power (or all the ſucceſſive Powers) 
exerted by the Man in moving the Weights of the Fly, 1s accu- 
mulated and condens'd in the laſt Impulſion, which is made upon 


the 1 


2 5. ANALOGOUS to the Fly may be accounted the circular 
Pondutim, which is a mechanical Organ , whereby Motion may 
be accumulated into the Body or Weight thereof : which 1s ſuſ- 
pended by a String from a Center g that keeps it at due di- 
ſtance from the ſaid Center. 5 

T 


A Conrſe of Experimental Philoſophy. 


By this Organ, the Weight to be moved by the impreſſed Lect. V. 


Force, is more free to receive and retain the accumulated Power 


and receives none of the firſt Impediment of the Fly, namely 
from the rubbing and wearing of the Pivots or Gudgeons, and 1s 


only ſubject to the latter, namely, the Impediment of the Air, 


or of the Medium thro' which it is moved, which is alſo leſs, by 
reaſon that the String by which the Weight! is ſuſpended is leſs 
than the Arms or Branches of the Fly: and hence it is, that 
this Organ preſerves the impreſſed Force much longer than the 
other, namely the Fly, and will continue in motion much longer. 
When ſet a going, it will often continue to move many Hours to- 
zether ; and, if the length of the ſpiral Space in which it moves 
be computed, it will amount to ſeveral Miles in length. But 
not having yet given any Account of the common or ſimple Pendulum, 
l muſt defer ſaying - any more of the eincn, one till I come to 
explain the ſimple one, 


20. Tas laſt of theſe kind of Organs that I mean to deſcribe 
now is the Sling; for the Bow in its Action depends upon the 
% Law of Motion, and therefore cannot properly be treated of 

till we have explain' d that Law. The Sling then is an Inſtrument or 
83 which ſerves, by the means of Strings, to convey gradually 
the Strength of an Hand moving in a ſmall Circle to a Body de- 
tain'd by theſe Strings, to move in a greater Circle about the 
ſame Center, till it has fully accumulated in it all the Power of 
the Hand, or the deſign'd Quantity of it, at which time it diſ- 
charges it with a delign'd Direction and Determination. This In- 
ſtrument partakes of the Fly and the circular Pendulum; for like 
the Fly it can receive an Accumulation of Power for mmy Revo- 
lutions, and like the circular Pendulum 1t 1s free from the Friction 
of Pivots and Gudgeons; and none of the Force applied to it 1s 
loſt, but juſt what is ſufficient to overcome the Reſiſtance of the 


Air. 


Ir would be too long to deſcribe the various Ways that this 
Organ has been contriv'd and made uſe of by the ancient as well as 
the modern Engineers. It is ſufficient to obſcrve that they are all 
<ductble to this (the common Sling) which is the moſt ſimple ; and 
the Power and Effect thereof is as eaſy and reducible to Geometri- 
al Computation and Calculation, as any of the others already men- 
oned: There being only one way applicable to all; an] it is to 
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Led, V. becauſe all Bodies mov'd in a Curve endeavour to fly off in a Tan- 
. gent to that Curve, as we have already ſhewn *. | 


END » 

nn Fly (ſome of whoſe Uſes I have already confider'd 
L. 4. T. in 5 4th * Lecture) is an Organ whereby the Body moved is 
255, 250. caus'd to circulate or move round about a Center or Axis, and 


thereby is capable of accumulating the Powers impreſs'd upon it 
by degrees, ſo long as ſhall be requir d. This differs from the 
Hammer and Mall in this particular, as the Capſtane differs from 
the Leaver: for whereas the Leaver can only lift or remove the 
Body for a very ſhort Space, the Capſtane can perform it for a 
given or requir d Space. So that the Hammer or Mall can only 
receive ſo much Power as can be given it in the Part of an Arc 
or Circle, or in a ſtreight Line of a ſhort Length; but the Fly 
can acquire its Power by Accumulation in many Revolutions, and | 
ſo is made receptive of a given Power and Velocity, and can exert | 
the ſame on any other Body in a determinate Manner, 


THis mechanical Organ join d to the Screw, compoſes that 

12 Machine, whereby they impreſs the Stamp or Image | 

upon Coins and Medals, which requires a prodigious as well as re- t 

gular Force and Power. Now in this Engine there are accumula- ( 

ted Powers, by three mechanical Organs; firſt, by the Fly, where- t 

by the Strength of the Man moving it 1s accumulated into the t 

Weights at the End thereof: ſecondly, That Power accumulated { 

is condens'd and impreſs'd on the Cylinder of the Screw by t 

means of the Radiz at the Fly, which are two Leavers that 0 

ſerve to condenſe the ſame in a given Proportion: thirdly, That fl 

g Power ſo communicated to the Cylinder accumulated and con- tl 

1 dens'd, is again condens'd by the Slope of the Screw in a given Ir 

1 Proportion; and ſo the whole Power (or all the ſucceſſive Powers) 0: 

1 exerted by the Man in moving the Weights of the Fly, is accu- Ic 

; mulated and condens'd in the laſt Impulſion, which 1 is made upon A 
; the Medal. 

Þ | 25. ANALoGouUs to the Fly may be accounted the circular 0 

= | Pendulum, which is a mechanical Organ, whereby Motion may th 

| be accumulated into the Body or Weight thereof: which is ſuſ- re 

1 pended by a String from a Center above, that keeps it at due di- th 

1 {tance from the ſaid Center. ca 
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By this Organ, the Weight to be moved by the impreſſed Lect. V. 
Force, is more free to receive and retain the accumulated Power, w==w— 


and receives none of the firſt Impediment of the Fly, namely 
from the rubbing and wearing of the Pivots or Gudgeons, and is 
only ſubje& to the latter, namely, the Impediment of the Air, 
or of the Medium thro' which it is moved, which is alſo leſs, by 
reaſon that the String by which the Weight is ſuſpended is leſs 
than the Arms or Branches of the Fly: and hence it is, that 


this Organ preſerves the impreſſed Force much longer than the 


other, namely the Fly, and will continue in motion much longer. 
When ſet a going, it will often continue to move many Hours to- 
. gether ; and, if the length of the ſpiral Space in which it moves 
be computed, it will amount to ſeveral Miles in length. But 
not having yet given any Account of the common or ſimple Pendulum, 
T muſt defer ſaying any more of the circular one till I come to 
explain the ſimple one. | 


26. Tas laſt of theſe kind of Organs that I mean to deſcribe 
now is the Sing; for the Bow in its Action depends upon the 
34 Law of Motion, and therefore cannot properly be treated of 
till we have explain'd that Law. The Sing then is an Inſtrument or 
Organ which ſerves, by the means of Strings, to convey gradually 
the Strength of an Hand moving in a ſmall Circle to a Boly de- 
tain'd by theſe Strings, to move in a greater Circle about the 
ſame Center, till it has fully accumulated in it all the Power of 
the Hand, or the deſign'd Quantity of it, at which time it dif- 
charges it with a defign'd Direction and Determination. This In- 
ſtrument partakes of the Fly and the circular Pendulum; for like 
the Fly it can receive an Accumulation of Power for many Revo- 
lutions, and like the circular Pendulum it is free from the Friction 
of Pivots and Gudgeons; and none of the Force applied to it is 
loſt, but juſt what is ſufficient to overcome the Reſiſtance of the 


Air. i 


Ix would be too long to deſcribe the various Ways that this 
Organ has been contriv'd and made uſe of by the ancient as well as 
the modern Engineers. It is ſufficient to obſerve that they are all 
reducible to this (the common Sling) which is the moſt ſimple; and 
the Power and Effect thereof is as eaſy and reducible to Geometri- 
cal Computation and Calculation, as any of the others already men- 
tioned : There being only one way applicable to all; an] it is to 
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find what the Velocity of the Body is juſt at the Inſtant that the 
Percuſſion is made *, or the Machine applied to uſe. For it be- 
ing always ſuppoſed that we know the Weight of the Body or In- 
ſtrument, we have nothing to do but to multiply it by the Veloci- 
ty, and it will give us the Momentum of our moving Body +, and 
thereby ſhew the Effect which it is able to produce in acting up- 
on another Body, in ſtopping, driving, breaking or ſtriking it, ſo 


as to ſhake, move, or remove the whole or any part of it. 


27. Now all the Difficulty conſiſts in finding what is the real 
Velocity of the percutient Body juſt at the Moment of Percuſſion; 
and it may be done in the following Manner, which we will firſt 
ſhew with reſpect to the Rammer or heavy Weight to drive Piles, 
it being moſt eaſily conſidered in that Inſtrument, and all Caſes 


deduced from that. 5 5 | | 


Tur 15th Figure of Plate 25 * repreſents an Engine to drive 
Piles, conſiſting of the Cill K I and Frame FL, on which are fix'd 
the upright Pieces L H and L G, ſupported by the Side Braces C, 
C, and the hind-Brace F E {which has Pins on it to make it ſerve 
as a Ladder) and held together by the ſquare Collar ED. The 
Rammer A being a very heavy Piece of hard Wood or Iron ſlides 
up and down between the Cheeks or upright Pieces LH, LG, and 
is drawn up by means of its Hook B with two Ropes H O, G O, 


having each 5 ſmaller Ropes with Handles at N, N, for 10 Men 


No. 15. Cor. 
3. Þ. 424 


to pull up the Rammer to a certain Height, (the great Ropes run- 
ning over two Pulleys or Rollers on the Iron Pin H G) and then 
let it fall again all at once upon the Head of the Pile at M, to drive 
it into the Ground. Now ſuppoſe the Rammer A weighs 500 Ib 
and falls the Height of one Foot, it will fall that Height in a quar- 
ter of a Second, and conſequently have a Velocity able to carry it 
uniformly 2 Foot in the ſame Time +, that is, at the Rate of 8 Foot 
in a Second) at the very Inſtant it ſtrikes the Pile M. There- 
fore multiplying the Maſs by the Velocity, viz. 500 x 8, we 
ſhall have 4000 for the Momentum of the Rammer, with ſuch a 
Fall. But if the Rammer be raiſed up to the Height of 4 Foot, it 
will fall that Height in half a Second, and have at the Time of 


Percuſſion a Velocity to carry it 8 Foot in half a Second, without any 


farther Help from Gravity; ſo that we muſt now multiply 16 Foot 
(the preſent Velocity, fince it goes at the Rate of 16 Foot in a 
Second) by 500 the Maſs of the Rammer, which will give us a 

| | | double 


4 Courſe of Experimental Philoſophy. 


from which the Rammer falls, (for one may employ a Capſtane, 
Windlaſs, or Pullevs, to raiſe it to a very great Height, and then 
by an eaſy Contrivance looſen it at once from its Hook) the Momen- 
tum, with which it ſtrikes the Pile, - will always be as the ſquare 
Root of the Height from which the Rammer fell ; that is, as the 
Velocity which the deſcending Body has at the End of its Fall. 

N. B. I cannot ſay but that the Pile may enter into the Earth 
ſometimes farther than in that Proportion; but TI ſhall ſhew the 
Reaſon of it in the Notes x. 


28. Ir a Pile is to be driven obliquely, the Engine muſt be ſet 
ſo that the Cheeks may have the ſame Obliquity, and the Blow will 
ſtill be perpendicular to the head of the Pile ; but then the Force 
of the Blow muſt not be eſtimated from the Length, but from the 
Height, of the Deſcent, in the Manner already ſhewn ; becauſe how 
long ſoever the inclined Plane is in which the Body falls, it has 


double Momentum wherewith it will ſtrike the Pile in this laſt Lect. V. 
Caſe ; for 500 x 16 = 8000. If we conſider any other Height 


* Ann. 4. 


acquired no more Velocity than what it would do if it had only fal- 


len perpendicularly from the Height of the Plane. 


29. To find the Velocity of the battering Ram when it makes 
its Stroke, we muſt obſerve at what Rate its Motion is accelerated; 
for according to the Number and Strength of the Men that work 
it, it may be accelerated more or leſs than Gravity would accele- 
rate it if it was to fall perpendicularly. Therefore we are to ob- 
ſerve the Length of the Stroke from the Point moſt remote from 
the Wall (or the Thing batter'd) and the Wall, and take notice 
in what time the Stroke is made ; (for when the Men, by a little 
Practice have got the Knack of playing the Ram, all their Strokes 
are made in the ſame Time.) It the Stroke, for Example, be of 4 
Foot, and made in a quarter of a Second, the Momentum of the 
Ram is equal to what it would be if the ſame had mov'd uniform- 
ly 8 Foot in a quarter of a Second, or 42 Feet in one whole Se- 
cond. This Force would be quadruple of what Gravity might 
give the falling Ram (or a Rammer equal in Weight to the Ram) 
in the ſame Time; but only equal to what it would give it in one Se- 
cond or the quadruple of the Time, and only half of what Gra- 
vity would give in two Seconds to the ſame Body falling from an 
Height of a little more than 64 Feet. If the Time of making the 
Stroke had been twice as long, or half a Second, then the Momen- 
3 - tum 
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Lect. V. tumor Force of the Percuſſion would have been but half as great, 
Ce. the Percuſſion with the ſame Battering-Ram being always in- 


verſely as the Time in which it is accelerated by the ſame Force 
of Men. 


30. To find the Velocity (and conſequently the Momentum) of 
the Mall or Hammer at the Inſtant of Percuſſion, we muſt conſi- 
der it firſt in the moſt ſimple manner, as when being raiſed up it 
falls down again in an Arc of a Circle by its own Gravity : then 
we are only to conſider the Height from which it fell; and we 


ſhall know, from what we have ſaid of Bodies falling perpendicu- 
larly or on an inclin'd Plane, what Velocity it has at the End of its 


fall, Thus we may know with what Force the great Hammers, 
raiſed by the Axis of a Water-wheel, fall upon the Plates or Bars 
of Iron or Copper that are flatten'd in Iron or Copper Battering- 
Mills or Forges. When the Hammer is moved by the Hand, or 
driven by a Spring as well as by Gravity, it will move quicker, and 
its Effect will be proportionably greater, therefore by obſerving the 
Time of its Fall in ſuch a Caſe its Velocity may be known. h 

N. B. Tho' a Body moving twice as faſt in the ſame Circle, was able, 
according to what appear d in the 15th Experiment of this Lecture, 
to raiſe four times the Weight, we muſt not imagine that a Hammer 


movy'd twice as faſt will ſtriłe with four times the Momentum, 


whilſt a Hammer of the ” gp Weight moving twice as faſt, onl 
becauſe of an Handle or Radius twice as long, ſhall have but double the 
Momentum, according to the 13th Experiment: for it is only the 
centrifugal Force in the ſame Circle, which is as the Square of 


the Velocity, and not the Stroke made along the Tangent, The 
Effet of the Centrifugal Force will only be this, that the Hand 


which holds the Hammer will feel four times the Force endeavouring 
to pull the Hammer out of his Hand; and would feel but twice 
that Force, if the Velocity was only double by having an Handle 


twice as long. 


Tt is alſo to be obſerved, that in the uſe of the Hammer it is 


better to ſtrike with the ſame Maſs of Matter with à double 


Velbcity, than with double Maſs and fingle Velocity 3 becauſe 


yielding Subſtances, as hit Iron, &c. and Nails driven into Wood, 
give way to the ſame Hammer nearly according to the Square of 


6 "wy WM its Ve elocicy, as. we ſhall account for in the Notes *, But the Re- 
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ver ſe muſt be done in the Battering Ram, if you would have its Lect. V. 


greateſt Effect . 


31. Ir the Fly be made uſe of only to give a Blow with one of 
its Weights after ſome Revolutions, the Method of finding its Ve- 
locity, and conſequently its Momentum, juſt at the Stroke, is the 
ſame as will ſerve for the Sling : for tho' the Fly has vaſtly more 
Friction than the Sling, we are only to obſerve what Velocity 
(without any regard to the Impediments which hindered the Velo- 
city from being ſo great as it would have been without them) it 
has juſt at the Stroke; which we may know by comparing ſeveral 
Revolutions, or Parts of Revolutions together; which will ſhew us 
the Degree of Acceleration. | 


32. Now to ſhew how to calculate the Force of theſe Organs 
when joined with others commonly called the mechanical Powers 
(explained in the 2d Lecture) I ſhall ſhew what Force may be given 
by the Machine made of the Fly combined to the Screw for ſtamp- 
ing the Image upon Coins, as we have above hinted. 


LET us ſuppoſe the two Arms of the Fly to be 15 Inches long 
each, (meaſuring from the Center of the Weights to the Axis of 
Motion) and the Weights to be 50 Ib each, and the Diameter of the 
Axis prefling upon the Dye to be one Inch. If every Stroke be 
made in halfa Second, and the Weights deſcribe an half Circumfe- 
rence, which will in this Caſe be of 4 Foot, the Velocity will at 
the Inſtant of the Stroke be at the Rate of 8 Foot in a Second, 
and therefore the Momentum of it will be 800; but the Arms of 
the Fly being as Leavers, one Brachium of which is 15 Inches long, 
whilſt the other (which is the Semi-Axis) is but of half an Inch, 
we muſt increaſe this Force 30 times, which will give us 24000: 
an immenſe Force, equal to 100 lb Weight falling 120 Foot, or near 
2 Seconds in Time, or a Body of 750 Ib falling 16 , Foot, or one 
Second in Time. Some of theſe Engines for coining Crown Pieces 
have the Arms of the Fly 5 times as long, and the Weights twice 
as heavy; and the Effect is 10 times greater. 


N. B. We have allowed nothing here for the inclined Plane of 
the Screw, becauſe that Declivity only ſerved to help to ac- 
celerate the Motion of the Weights, which we conſidered in ta- 
king the Time of the Deſcription of the Semicircle by them, _ 


AA 
os 


2 
+ Ann. 4. 


$. <1 A Courſe of Experimental Philoſophy. 


LeR. V. 33. Ir would be endleſs to ſhew all the Conſequences of the 5 
> t0 Laws of Motion already explain'd, in the Practice of mecha- 8 
nical Operations; and to apply them to the Explication of all kinds A 
of Motions whether of Bodies on Earth, or of the Planets and N 
Comets in the Heavens: We ſhall only give a few Inſtances more, 1 5 
but firſt we muſt ſhew how far the Reſiſtance of Air (which we Þ 
have hitherto left out of our Computations) hinders the Effects from I 
being ſuch as might be expected from their Cauſes without it. d 
Tuo' the Reſiſtance of Afediums is to be conſider'd in the Hy- 
droſtatical Part of this Work, yet we mult ſay ſo much of it now as & 
is required for underſtanding how to allow for the Diſturbance that 1 
the Reſiſtance of Mediums gives to moving Bodies, whether their ba 
Motion be owing to Gravity, or any other Cauſe or Cauſes, | 'D 
34. Wren a Body moves in a Fluid of any kind whatever, or ry 
reſiſting Medium, it cannot go on without ſeparating the Parts of ch 
the Medium to make itſelf way; and ſo much as it beſtows of its bs 
own Motion on thofe Parts, ſo much it loſes of its own Motion; 5 
ſo that it will be retarded if its Motion was uniform before; or if = 
it went on with an accelerated Motion, that Reſiſtance (or the Mo- fer 
tion given to the Parts of the Medium) will hinder the Acceleration | Ra: 
from being ſo great as it would have been, or (according to the Or 
Quantity of it) deſtroy the Acceleration ; that is, deſtroy the additio- the 
nal Motion as faſt as it is given to the Body by the accelerating | cor 
Cauſe : fo that the Body will then move uniformly ; as if the acce- cat 
lerating Cauſe had ceaſed to act, and the Body ſhould move in a let 
Vacuum without any Reſiſtance at all. . A 
| is 
35. THERE are two forts of Reſiſtance in Fluids ; the Firſt a- tho 
riſing from the Tenacity of the Fluid, that is, from the Coheſion eac 
of its Parts; and that Reſiſtance is always as the Velocity of the poi 
Body moving in the Fluid: for the ſwifter the Body moves in ſuch t 
a Fluid, the more Parts it has to remove from their Coheſion in the - inſt 
ſame Time, according as it goes thro' a greater Space. That ſort is 
of Reſiſtance may be diminiſh'd by rendering the Medium more ceiv 
fluid, as Oil, Honey and Pitch, c. become more fluid by heating. Flu 
N. B. Such Fluids as have no Tenacity have none of this Reſiſtance, con! 
5 the 
THE other fort of Reſiſtance ariſes from the Quantity of Mat- Mat 


ter to be removed, and that is always proportionable to the Denſity 
| | or 
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or ſpecifick Gravity of the fluid Medium. Thus Water reſiſts 8 50 Lect. V. 
times more than Air, becauſe a Body moving in it thro' a certain 
Space, has 8 50 times more Matter to remove; and if it mov'd in 
Mercury, the Reſiſtance would be 11900 times greater, becauſe 

Mercury has 11900 times more Matter than Air in the ſame Space. 

In reſpe& to the fame Body moving with different Velocities in a 

Fluid, this Reſiſtance is always as the Square of the Velocity. An 

Inſtance or two explained by Number will make the Thing evi- 


dent. 


LET us ſuppoſe the Body A (Pl. 25. Fig. 16 *.) to be moving »p.2;.F.16. 
ina Medium at the Rate of 2 Inches in a Second, or from A to B; 
and that it is to remove the 4 Particles of Matter h, c, g, f, to 
make its Way, which Particles we will ſuppoſe to be an Inch in 
Diameter. Now it is not enough to conſider that thoſe Particles 
are to be remov'd, but we muſt alſo .examine with what Velocity 
they are remov'd, in order to find the Quantity of Motion which 
they receive. Let us then ſuppoſe each of them to be remov'd an 
Inch in a Second, or from the Points f, h, c, g, to /, h, c, g, to 
make way for the Body A to go between them. Now ſince it 
is the fame to move all the 4 Particles laid upon one another from 
fto /, as to move all the four one Inch in different Lines, it is 
evident that the Space f or one Inch is their common Velocity: 
One then multiplied by four, the Number of Particles, gives 4 for 
the Momentum of the Matter remov'd by the. Body A, which 
conſequently muſt loſe as much of its Motion as it has communi- 
cated ; and therefore in this Caſe the Reſiſtance will be 4. Again, 
let the ſame Body be ſuppoſed to move twice as faſt, that 1s from 
A to B (Fig. 17.*) in a Second. There muſt be 8 Particles (that Pl. 21. F. 15. 
is, b, c, d, e, f, g, m, n, or as much more Matter) removed in 
the ſame Time; but as the Body moves twice as faſt, it will ſtrike 
each of them as hard again, which will make them recede to the 
Points g, u, , e, @, , u, , inſtead of the Points 6, c, d, e, ., g, m, u, 
in the ſame Time; ſo that their common Velocity will be 2 Inches 
inſtead of x. But 8 Particles multiplied by 2 will give 16, which 
is a Momentum 4 times as great as what the Matter of the Fluid re- 
ceived before. Therefore the Body moving twice as faſt in the ſame 
Fluid communicates four times as much Motion to its Parts, and 
conſequently meets with 4 times as much Reſiſtance. Likewiſe if 
the Body moved 3 times as faſt, it would remove 3 times more 
Matter in the ſame Time, and alſo daſh it 3 times farther ; therefore 
it 
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it would meet with ꝙ times more Reſiſtance, And this will hold 
good in any Degree of Velocity of the moving Body ; for the Quan. 
tity of Matter removed in a certain 'Time, and the Velocity with 
which that Matter is removed, will always produce a Momentum in 
the fluid Medium, and conſequently a Reſiſtance, proportionable to 
the Square of the Velocity of the Body moving in that Medium. 
N. B. This Refiftance according to the Square of the Velocity is the 
only Refiſtance that the Air ts found to have, by Experiments of Bodies 
moving in it: and therefore it has no Tenacity; a Conſequence of 
which is, that its Parts do not touch one another. 


Hence it is, that a Fluid will reſiſt ſometimes as much as a So- 
lid, nay more, when the Velocity of a Body coming againſt it is 
very great, as we ſhall ſhew by ſome Inſtances that we ſhall give 
in the Notes *. | | 8 


SCHOLIUM. 


36. WHAT we have ſaid concerning the Fall of Bodies in the 
Air, and along inclined Planes, will not agree with Experiments, 
becauſe in the Theory we abſtracted from the Reſiſtance of the 
Air ; but when we make proper allowances for it, the Experiments 
will confirm the Theory. According to the beſt Obſervations a 
Body falling in Vacuo ſhould go thro' 16 Engliſh Feet and an Inch 
and a Quarter the firſt Second of its Fall; but in the Air it muſt 
loſe of that Space in proportion to the Motion it gives to the 

ir, which muſt be ſubtracted form its own Motion: ſo that the 
more Matter the Body has in proportion to its Surface wherewith 
it ſtrikes the Air, the leſs it will loſe of its own Motion. This 
will be beſt explained by giving an Account of an Experiment I 
made, by obſerving the time of Leaden Balls which J let fall from 
the inſide of the Top of the Cupola in St. Pauls Church. 


Ex PERIMENT XVI. 


I took ſeveral Leaden Balls of 2 Inches Diameter, weighing 2 th 
Troy, which I let fall from a Board fixed 2 Foot over the Top of 
the inner Cupola, and obſerved the Time of their Fall very nicely 
by an Inſtrument which I ſhall hereafter deſcribe, and found that 
they fell to the Bottom in 4 4 Seconds and a very little more. The 
Height was 272 Feet, Now according to the Theory, the Balls 


in that Time ſhould have fallen 52 Feet farther, that is, 324 Feet , 


therefor 
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therefore the Reſiſtance of the Air continually taking off ſomething Lect. V. 

of what Gravity ſuperadded to the Motion of the deſcending Body. 

occaſion'd the Acceleration not to be ſo quick, and therefore the 

Body was longer in falling that 272 Feet than it ought to have been: 

for ſince a Body falls a Foot the firſt quarter of a Second of its Fall, 

if we take the ſquare Root ® of 272 we ſhall have 165 quarters, . Ne. ,,. 
that is, 4 Seconds and + for the Time that a Body would fall 272 

Feet in YVacus, Suppoſe now that the Reſiſtance of the Air took 

off 5 Inches of the Space which the Balls ſhould have fallen the firſt 

Second; during the 2d Second the Reſiſtance of the Air muſt be 

greater in proportion to the Square of the Body's Velocity ; that is, 

as the Body then ſhould go thro' 3 Spaces equal to what it went the 

firſt Second, the Reſiſtance muſt be g times greater; conſequently 
the Reſiſtance of the Air would take off 9 times 5 Inches, that is, 

4.5 Inches of the Spaces gone thro' by the Body in the 2d Second : 

ſo likewiſe in the 3d Second, the Body muſt loſe 125 Inches; in the 

4th Second 245; and in the laſt Half-Second above 200; which 

makes about 52 Foot in all, according to what was obſerv'd in the 

Experiment. . 

N. B. This Calculation is not exact, being given only as an Illuftra- 
ion rather than a Demonſtration, and founded upon a Suppoſition 

of a Body falling only 16 Foot in the firſt Second of its Fall, which 


Number was taken to avoid Fractions. 


SEVERAL Conſequences may be drawn from the Reſiſtance of 
Air in regard to Bodies moving in it, and which are verified by Ex- 
periments. The firſt is, That the Motion of a heavy Body is not al- 
ways accelerated, but at a certain Height it becomes equal and uni- 
Form in the Air; becauſe the Reſiſtance of the Air increaſing in 
the ſame Proportion as the Spaces increaſe (and conſequently in a 
duplicate Ratio of the Times, or of the Velocities) this Reſi- 
ſtance may become fo great, as to deſtroy as much of the Velocity 
as ſhould be produc'd, and by that means hinder the Velocity of 
the moving Body from being increaſed any more; * juſt as if the No. 12, and 
Body at that time ſhould ceaſe to be heavy. The ſecond is, That 3: 
Bodies of different ſpecifick Gravities moving in the ſame Medium 
have not their Motions accelerated after the ſame manner, by reaſon 
of the difference of their Bulk, compared to their Weight, which 
meets with more or leſs Reſiſtance ; becauſe thoſe of a greater 
Bulk, when the Weight is the ſame, drive more Air before them 
than thoſe of a lefs. | 
Vol. I. Z. 2 | THE 
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Lect. V. Tur Third is, That the Motion of heavy Bodies is | arfferently ac- 
wy celerated in different Mediums, and in the moſt denſe Medium it be- 
comes equal ſooneft ; becauſe the more denſe the Medium i is, the more 


more eaſily. 


Tre Fourth is, That the leaf Bodies of the ſame homogeneous 
Matter fall with leſs Velocity, and come fooneft to an Equality; 
becauſe that Body which has a greater Surface is more reſiſted than 
that which has a leſs, and the leſs Bodies have a greater Surface than 


taught by Geometry, that if a Cube has its Surface, for Example, 
of one Foot, another Cube. eight times as heavy will have its Sur- 
face but of four Foot. According to this Principle, the Duſt falls 


by ſpreading their Wings; and a Charge of Shot will not go near 
fo far as a Bullet of the ſame Weight ſhot from the ſame Gun with 
the ſame Quantity of Powder, * both begin to move with equal 


Velocities. 


THE Fifth i IS, That there is a determinate Height which pro- 
duces in a heavy Body the greateſt Velocity that it can acquire in 
falling; ſo that if it ſhould fall from àn higher Place it would have 
4 no more Velocity: which is evident from the firſt Conſequence, 
q Where we have ſaid that the Motion of a heavy Body is not continual- 
: ly accelerated; but that at a determinate Height it becomes equal. 


THe Sixth is, That there is a determinate Height, the greateſt of 
all thoſe to which the V. elocity which a Body has acquir'd in falling, 
can make the ſame Body riſe up again; becauſe by the foregoing 

| Conſequence, there is a determinate : Height which produces the 
© | greateſt Velocity that a falling Body can acquire, and that Velocity 
can make it riſe up again but about to the ſame Height. 


Tun Seventh is, That 4 Body thrown upwards by a Force greater 
than the greateſt that it can acquire im falling, ought to be longer 
in falling than riſing ; becauſe the Velocity of a Body thrown up 


to any Height whatever is continually diminiſh'd ; whereas the Ve- 


locity of the ſame Body in its Fall increaſes but till it comes to ſuch 


a Height; it being certa in that if it ſhould increaſe continually, the 


Body would be Juſt a as long in falling as in riſing. 1 
| HE 


Difficulty it has to make its Circulations, and it reſiſts Motion the | 


the great ones in reſpect of their Weight or Solidity : for we are 


ſlowly when it is rais'd, Birds ſuſtain themſelves in the Air 
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Tux Eighth is, That 27 4 Body be thrown downwards by a Force Lect. V. 
that exceeds the greateſi Force it can acquire in falling, it will baue 


a retarded Motion; becauſe by the firſt Conſequence the Body 
which falls with the greateſt Velocity that its Fall would give it, 
meets with a Reſiſtance in the Air, equal to its Gravity; and when 
it goes with a greater Force, the Reſiſtance of the Air becomes 
greater ſtill, and muſt deſtroy part of the Motion, which thus 
will be lacken'd and retarded. 


Tris laſt Conſequence ſhews why a Cannon-Ball ſhot down- 
wards retards its Motion; becauſe ſuch a Ball is put in motion by 
the Force of the Powder, which gives it a greates Velocity, than 
that which its abſolute Gravity would have given it in falling: And 
the ſeventh Conſequence ſhews likewiſe the Reaſon of this Expe- 
riment, which Father Merſennus takes notice of in his Balliſtica, or 
Art of throwing heavy Bodies. Prop. 13. 


Tufs Author ſays, that he has found by ſeveral Experiments, 
that an Arrow which has been three Seconds in riſing, has been 
five in deſcending; and tho' he adds that an Iron Bullet of three 
Pound weight having been ſhot upwards perpendicularly by a Mor- 
tar- piece a Foot long, has ſpent as much time in riſing as in deſcend- 
ing, viz. Six Seconds; yet it does not follow, that it muſt always 
happen fo, the Difference not being 1o conſiderable in a Bullet as 
in an Arrow, whoſe Motion comes ſooneſt to an Equality, by 
reaſon of its Lightneks 


A common Bomb not receiving : from the uſual Charge of Pow- 
der a Velocity greater than the greateſt it can acquire in falling, is 
as long in coming down as it is in, going up. But a Ball of light 
Wood or of Cork (which in a Vacuum would go much higher 
and farther than a Bomb of the ſame Bigneſs, becaule it receives 
from the Powder ſo much more Velocity at firſt as it has leſs Mat- 
ter) will not go ſo high as a Bomb, and alſo will be longer in 
coming down than in going up, on account of the Air's Reſiſtance, 
which has more Effect upon thoſe light Bodies for the Reaſons 
above-given. 

N. B. I 7s not mathematically true, that a Body falling in the 
Air ever comes to an equal Mori an; but as it always ap- 
proaches nearer and nearer to it, we may take it to be 1 

phyſically, and reaſon from it accordingly. | | 
22 2 37. | 
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A Conrſe of Experimental Philoſophy. 
27, 1 ſhew'd, after explaining the firſt Law of Motion, how far 


it would ſerve to make us acquainted with the Motion of the hea- 


venly Bodies, by ſhewing in what manner Gravity and the projec- 


tile Force keep thoſe Bodies in their Orbits; but it requir'd the 
underſtanding of the fecond Law to conceive rightly how they 


move in Ellipſes that have the central Body in one of the Foci, and 


＋Pl. 25. F. 18. 


why their Velocities are ſucceſſively accelerated and retarded, 


38. Bur before I proceed to conſider this, I muſt explain ſome 
aſtronomical Terms, and ſhew what is meant by ſaying, that he 
Planets and Comets in reſpect to the Sun deſcribe Area's about it pre- 
portionable to tl Times; as likewiſe the Satellites in reſpect to their 
primary Planets, And this is a Truth known and own'd by all mo- 


dern Aſtronomers, however they differ in accounting for the Cauſes 


of the celeſtial Motions. 


SUPPOSE a celeſtial Body to move round another in a Curve 
returning into it ſelf as a Circle or an Oval; as for example, the 
Moon about the Earth, whoſe Orbit we will confider at firſt as cir- 
cular, tho! it is really elliptical. If at any time of a certain Day we 
obſerve the Moon's Place in its Orbit to be at L +; and the Day 
after, at the ſame time, the Moon is found to be at another Place 
as L, the triangular Space T LL (being contain'd by the Line or 


Ray TL drawn from the central to the revolving Body, at the firſt 


Obſervation, the ſame Line in the Situation T L at the ſecond 
Obſervation, and the Arc L L deſcrib'd by the Moon during the In- 
terval of the Obſervations) is call'd an Aſtronomical Area, and the 
Ray T L, conſider'd as ſweeping along that Space and carrying the 
Moon with it, is called the Radius vector or ſweeping Ray. If 
ſome Days after, for example 14 Days after, we obſerve the Moon 
at l, and the next Day at the ſame Hour and Minute obſerve it to 
be at /, the Area T 1 /will be equal to the former Area T LL, 
which was deſcrib'd by the Moon and Radius vector in the ſame 


Time: and this is what is meant by ſaying, that revolving Bodies 


in the Heavens deſcribe about the central ones Area's proportionable 


to the Times. 


*Plzg F 18. 


39. HERR we are to obſerve, that the Triangles or Area's TELL, 
T1/+; are not only equal but fimilar, and therefore the Body L 
does in this Caſe deſcribe the equal Arcs LL and 17 in equal 
Times, as well as equal Areas; ſo that the Motion of L, m—_ 
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T is equal, neither accelerated nor retarded, Such are the Motions Lect. v. 
of Jupiter's Satellites about his Center, their Orbits being circular 
(as far as Obſervations have been made hitherto) except ſo much as 

they diſturb each other by their Gravity towards one another, and 

as they are diſturb'd by the Sun according to the different Diſtances 

of Jupiter from the Sun, or by Saturn, whoſe Attraction becomes 

ſenſible at, and near, its Conjunction with Jupiter. But all theſe 

= Inequalities may well be neglected here; becauſe, tho' they are 

certain Conſequences of the mutual Attraction of Bodies, they are 

not conſiderable enough to be obſerved with Teleſcopes. 


40. Now let us ſuppoſe the Body T not to be in the Cents of 
the Orbit, as the Earth is not-in-the Center of the Moon's Orbit, 


but to be diſtant from it the whole Length CT (Fg. 19. +) If TPI. 25. F. 19. 


the Moon or the revolving Body be obſerv'd at L and L, and ſo 
found to have gone through the Arc LL in one Day's Time; 
then again if it be obſerv'd 14 Days after at l, the next Day it will 
not be at A, (to which Point it would have gone in a Day if its 
Velocity had not increas'd) but it will be got quite to /, its Velocity 
increaſing ſo as to make it deſcribe ſo much a greater Arc as it is 
nearer to the central Body T; otherwiſe the Area laſt deſcrib'd 
would not be equal to the Area firſt deſcrib'd : for as much as 
TI, the Diſtance from the central Body in the beginning of the 
Deſcription of the laſt Area, is leſs than TL the Diſtance from. 
the central Body in the beginning of the firſt, ſo much muſt the 
Arc deſcrib'd in the laſt be greater; that what this laſt Area wants 
in length, may be made out in breadth. 


41. IF, inſtead of a Circle, the revolving Body moves in an El- 
lipſe, in one of whoſe Foc? the central Body is plac'd, (as is the 
Caſe of the Moon. about the Earth, but more drietly ſo of the 
Planets and Comets in their Motion round the Sun;) and the 
whole periodical Time of the Body's Revolution be divided into 
equal Parts, in every one of thoſe Parts of Time the Body (by 
its Radius vector will deſcribe an equal Area, but none of thoſe 
Area's will be ſimilar, except thoſe that are deſcrib'd on each fide 
of the Axis of the Ellipſe, in correſpondent Parts of the Curve, at 
equal Diſtances from the central Body. Let AB C DEP FG 


HI repreſent one of the Ellipſes, which is deſcrib'd by a Planet +Pl.2 355 


or a Comet round the Sun; PSs A the Axis of the Ellipſe, and 


8, 8, its Foci; S the Sun, and Aa Planet at the Sun's Apbelion 
(that 
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Lect. V. (that is, at the greateſt Diſtance from it) and P the ſame Planet at the 
—— Peribelion (or leaſt Diſtance from the Sun) and the Time of the 
Revolution be divided into 10 <qual Parts; the Planet ſetting out 
at A and going towards B, by its Radius vector AS, will deſcribe 
ſucceſſively the 10 equal Arca's ASB, BSC, CSD, DSE, ESP, 
PSF, FSG, GSH, HSI, ISA, of which only every two corre- 
ſpondent Area's are alike, as BS C is like 18 H, DS E like | | 
GSF, Sc. | = I | 


EDOROLLARY L 


HENCE follows, that in an excentrick Orbit, ſuch as an Ellipſe, 
= the revolving Body moves faſter at the Peribelion (the Sun being in 
= Ay one of the Foci) than at the Apbelion; accelerating its Motion from 
= | the Aphelion to the Peribelion, and retarding it from the Periheliin MM ' 
= to the Apbelion. ts | | 


= EOROLLART IL 


36 N *. 


HENCE follows alſo, that the more excentrick (that is, the longer) 
the Ellipſe is, the greater is the Difference of Velocity at the Peri- 

| helion and Apbelion; ſuch is the Caſe of Comets, which moving in 
very excentrick Ellipſes, go thro' the lower Part of their Orbits 
with very great Velocity, but move extremely ſlow near their 
Aphelia. 


nt Fr oo SS oa 1k 


COROLLARY Bll 


= THr1s ſhews why a Planet, tho' it be much more ſtrongly at- 
3 tracted in its Perihelion than its Aphelion, will not be drawn into 
_ the Sun; becauſe it acquires a greater centrifugal Force as its Velo- 
4 city increaſes, and thereby balances the Sun's increas'd Attraction, 
So likewiſe, when the Planet goes from the Peribelion to the Aphe- 
lion, tho* the Sun's Attraction be decreas'd, becauſe of the in- 

= creas'd Diſtance, the Planet will not fly out of its Orbit; for the 
= Velocity decreaſing, the centrifugal Force decreaſes alſo, In the 

4 + Pl. 25. F. Ellipſe repreſented by Fig. 20 +, when the Planet is at P, it is WM. 

20. ſix times nearer the Sun S than when it is at A, therefore it is 36 

= VI. 1. page times more attracted *; but then its Velocity being alſo fix times 
= IT greater, the centrifugal Force increaſing as the Square of the Ve- 
4 u Exp. 15. locity 4, becomes 36 tunes greater. So that the Attraction, or 
= Page 322. Y accelerating 
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accelerating Force * (however it increaſes or decreaſes, on account Lect. V. 
of the different Diſtance) is always balanc'd 85 the centrifugal N= 
Force of the Planet. 


CORD ES REF 


HEN C E we ſee, why thoſe Planets, which are neareſt to the 
Sun, perform their Revolutions in ſhorter Time than thoſe which 
are farther off; that their greater Velocity may give them a ſuffi- 
cient centrifugal Force to balance their centripetal Force (or Gravi- 
tation) towards the Sun; Regard alſo being had to their Quantity 


of Matter 7. 


THe Satellites of Jupiter and Saturn alſo have their Periodical 
Times ſhorter, as they are nearer to their Primaries, as we have 


0 hinted 4. 


Tno' the Orbits of the Planets are nearly circular; yet as the 
Foci of an Ellipſe are conſiderably diſtant from one another, even 
when the Curvature does not much differ from that of a Circle ; 
the Excentricity will be ſenſible enough to be obſerv'd. Hence it is, 
that our Winter Half-Year (in the northern Hemiſphere of our 
Earth) in which we go thro' the Peribelion, is 8 ou ſhorter than 
the Summer Half-Year, &c. 


42. KEPLER was the firſt who diſcover'd, that the Planets, 
by a Ray drawn from them to the Sun, deſcrib'd Area's propor- 
tionable to the Times; and gueſs' d that the Cauſe might be a 
Gravitation towards the Sun; but he did not demonſtrate it. But 
Sir Iſaac Newton has demonſtrated it in his Principia, ſhewing, that 
when a centripetal Force drives one Body towards another, and that 
firſt Body has received the Impreſſion of a projectile Force in any 
other Direction, it will deſcribe round this laſt, Area's proportional 
to the Times; and vice versd, that if a revolving Body, by a Ray 
drawn to a. central Body, deſcribes Area s proportionable to the 
Times, it is acted upon by a centripetal Force. Then he ſhews 
(from Obſervations of the Moon's Motion) that the centripetal 
Force is the very fame as Gravity, which makes our Bodies fall by 
an accelerated Motion near the Surface of the Earth. We ſhall give 
his Demonſtrations and a further Account in the Notes . 
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A Courſe of Experimental Philoſophy. 


43. Is the mean time I ſhall endeavour, in the eaſieſt way, to 


◻ ſhew how Gravity makes the Planets deſcribe their excentrick Or- 


bits with a Motion uniformly accelerated and retarded : for tho' 1 


ſhall give no ſtrict Geometrical Account of every thing relating to 


this Motion, and the Nature of the Curve, yet every Aſſertion will 


be a Conſequence of the two Laws of Motion, already explain'd, 


and their Corollaries. 
Plate 28. © 


Tux Ellipſe repreſented by this Figure, is more excentrick 
than any of thoſe that are deſcribed by the Planets, but not fo ex- 
centrick as thoſe that are deſcribed by the Comets. I took it ata 
Mean; becauſe, as both the Comets and Planets are retain'd in 


their Orbits, and continue their Motions from the ſame Cauſes, - 


one Explication might ſerve both. 


LETS repreſent the Sun, A the Planet or Comet, which Gra- 


vity (or the mutual Attraction of the Sun and revolving Body) 


drives towards the Sun in the Direction AS, and let A M repre- 
ſent the. Quantity of that Force ; that is, the Space, which that 
Force alone acting, would cauſe the Planet to go thro' in a given 
Time. Let the Planet A be ſuppoſed to have received a projectile 


Force in the Direction A « at right Angles to AS. If Aa ex- 


preſſes the Space, which the projectile Force alone would make 
the Planet deſcribe in the ſaid given Time, and the Quantity of 


that Force be ſuch, as acting jointly with Gravity, will make the 


Planet (ſetting out in the Diagonal Am of the compleated Parallelo- 
gram A am M) deſcribe the Circle A mw, &c. whole Centre is 8 
the Centre of the Sun; then a greater Vis impreſſa, or projectile Force, 


ſuch as Az (the Force of Gravity A M remaining the ſame) will 


make the Planet ſet out in the Diagonal A of the compleated Pa- 
rallelogram A a n M, and deſcribe an Ellipſe An,, &c. whoſe 
neareſt Focus is S: then will the Point A become the Peribelion 
inſtead of the Apbelion, and the Motion will be retarded from A 
till it comes to the Apbelion on the other fide of 8; and then 
from that Apbelion accelerated till it comes back to A, from whence 
it began its Motion. But if the projectile Force be leſs than 
what we have ſuppoſed capable of making the Planet move in a 
Circle, and it be 9 by Aa inſtead of A @, then the Planet 

| 8 
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(beginning its Motion in the Diagonal A B of the compleated . 51, 20 
Parallelogram Aa B M) will deſcribe the Ellipſe ABCDEPFGH -- 


1. 25. F. 20. 


I A, the Sun S being in the farther Focus, and the neareſt Focus 
will be at s; ſo that now A will be the Apbelion, and P the Pe- 
ribelion. . 


Now to ſhew how the Planet is accelerated in going from the 
Apbelion to the Peribelion; let us obſerve that at firſt ſetting ont, 
the Direction of the Projectile Force A « is at right Angles with the 
Direction of Gravity (or the centripetal Force) AS. When the 
Planet by the joint Action of the two Forces is come to B; the 
La Sep Force has its new Direction along the Tangent B 5, which 
makes an accute Angle with the new Direction of Gravity which 
now is BS; therefore the Planet will deſcribe a longer Diagonal 
m the ſame Time *, viz. BC; that is, increaſe its Velocity fo that 3 
the Area B C S may by a Breadth proportionably greater be equal 
to the longer Area ABS. When the Planet is come to C, the 
Direction of the projectile Force along the Tangent Cc ſtill making 
an acute Angle with CS the Direction of Gravity, the two Forces 
confpiring ftill accelerate the Planet and carry it from C to D 
in the ſame Time that it went at firſt from A to B. The fame 
Forces conſpiring fill in their Directions Dad and D S, when the 
Planet is at D, will in a Space of Time equal to the former carry 
it to E: and laſtly, the ſame Forces with their conſpiring Direc- 
tions will ſtill accelerate the Planet in its Motion from E to its Pe- 
ribelion P, where its Velocity is the greateſt of all. At P the Pe- 
rihelion, the Direction of the projectile Force is along the Tangent 
P þ, and makes a right Angle with P S the Direction of Gravity; 
and the Planet from the Action of thoſe two Forces will go to F. 
When the Planet is at F, the Direction of the projectile Force along 
the Tangent F/ makes an obtuſe Angle with F S the Direction of 
Gravity, and therefore the Motion of the Planet muſt be retarded, 

* becauſe the Diagonal F G will be ſhortened, as the Angle f FS * Ns. 14. 

opens, and the Forces begin to a& againſt one another. The Angle 

above mentioned will ſtill increaſe at G, fo that the Force of Gravity 

in the Direction G S will check the projectile Force which now acts 

in the Line G g, and ſtill retard the Planet more. The Angle conti- 

nuing to be obtuſe at H and I, the Planet is ſtill retarded till it comes 

to A the Apbelion, where its Motion is the ſloweſt of all. I may 

perhaps be objected here, that fince the Angles a A8, 6 BS, cC 

S, Sc. only decreaſe half way from A to P; * and the Angles 8 Pp, Aun. 7. 
Tot. 1 A | „ 
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8G g, Sc. only increaſe half way from P to A*; the Planet de- 


A ſcending towards the Perihelion ſhould not increaſe its Velocity after 
| 2c. N. 


it 1s come half way, becauſe then the Angles, asSEe, Fc. increaſe 


again: neither ſhould it retard its Motion after it has moved 


half way from P to A, becauſe the Angles made by the Directions 
of the two Forces no longer increaſe, but gradually decreaſe. But then 
we muſt confider, that there is another Cauſe of Acceleration and 


Retardation which does not depend upon the Quantity of the Angle 


above-mentioned, but continues to increaſe after the Angles ceaſe 
to diminiſb in the Deſcent of the Planet towards the Sun; and that 
Cauſe hkewiſe continues to decreaſe in the Aſcent of the Planet 


from the Perihelion to the Aphelion, even after the Angles of 


the diminiſhed or . increaſed Diſtance of the Central Body (or the 


the Directions of the Forces ceaſe to increaſe : and that Cauſe is 


Sun S) the Power of Attraction changing continually in a reciprocal 
Proportion of the Square of that Diſtance. J, for Example, we 
would compare the Velocity of the Planet at D and at E, we muſt 
compleat the Parallelogram D E d, of which the two Sides Da 
and Dd repreſent the Force of Gravity and the prejectile Force 
when the Planet is at D; then we muſt alſo compleat the Parallels- 
gram Es Pe, in which Es is greater than D & in the ſame 


Proportion as Gravity is greater at E than D; likewiſe e 


towards the Sun, is to the Gravitation of heavy Bodies towards 


tPi.25.F.21. 


muſt be greater than Dd, in Proportion as the projectile Force by 
its continual Acceleration is there alſo become greater; and tho 
the Angle Eeis greater than 4D d, we ſhall have a greater 
Diagonal E P on account of the greater Length of the Sides in the 
Parallehgram Ee P. | | | 


44. To ſhew how agreeable the Gravitation of Planets and Co- 
mets (for what we have faid of Planets is as applicable to Comets) 


the Earth; let us take a View of the 2 1ſt Figure + repreſenting a 
long Ellipſe, or the Orbit of a Comet about the Sun 8, when x re- 
preſents the Peribelion. The Semi-Ellipſe T @ is the Line in 


which the Motion of the Comet is uniformly retarded, and the 
Semi-Ellipſe a v the Line in which the Motion of the Comet is 


uniformly accelerated. Now, if inſtead of including the Sun S in 
the Orbit, we ſhould from one Part of the Surface of the Sun P, 
project a Body upwards, fo that it ſhould riſe as far as A, its Mo- 
tion would be uniformly retarded till it came to A, where it would 
have its leaft Velocity; then it would turn again, and fall in * 

| ine 
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Line A þ accelerating its Motion till it came to p, taking up juſt Lect. V. 
as much Time in its Aſcent as Deſcent, And this is what we have 


ſhewn concerning the Action of Gravity upon Projectiles, abſtra&- 
ing from the Reſiſtance of the Air. Toth) . 


45. Bur now let us take in the Reſiſtance of the Air, and com- 
pare it with any reſiſting Medium, to ſee what would happen to 
the Planets, if they moved in ſuch a Medium. 


Wr have fhewn +, that when Bodies move in the Air, they loſe of + N. 35. 
their Motion by the Reſiſtance of the Air, in proportion to the 8380,35“ 


Square of their Velocity; and that that Reſiſtance hinders falling 
Bodies from accelerating their Motion, as they would do, if they 
fell in a Vacuum; becauſe that Reſiſtance continually taking away 
ſome Part of the Velocity which Gravity ſuperadds to the falling 
Body, continually brings the Motion of the Body nearer and near- 


er to a Motion of Equality. Now, if the Planets moved in a re- 


fiſting Medium, ſuch as the celeſtial Matter, which the Cartefians 
ſuppoſe ; the Reſiſtance of that Matter would hinder a Planet from 
acquiring that Velocity in its Deſcent to the Perihelion, which is 
neceſſary to make its centrifugal Force balance the Force of Gra- 
vity : for this laſt Force would always increaſe in proportion to the 
Square of the decreaſed Diſtance, let the Medium encompaſſing the 
Sun be of what Nature it would ; but the Centrifugal Force would 
want its proper Increaſe, if the Planet wanted its required Velocity. 
The Conſequence therefore would be, that the Planet would change 
its Track and come nearer to the Sun, and revolve in a longer El- 
lipſe. The next Revolution, the Planet coming towards the Peri- 
helion, and wanting its due centrifugal Force, would be brought 
nearer to the Sun by the Attraction (not diminiſhed, but increaſed, 
becauſe now the Peribelion would be nearer); then again would 
the Ellipſe be changed into a longer, and the next Peribelion 
would be ſtill nearer, till the Planet for want of its due Velocity in 
a Direction along the Tangent, approaching nearer and nearer 
every Revolution, would at laſt fall into the Sun. 


Now, ſince no ſuch Thing happens, it is evident, there is no ſuch 
reſiſting Medium, or celeſtial Matter of a Vortex, as the Carte- 
ans ſuppoſe to be the Cauſe of the Motion of the Planets round 


the Sun. So far from that, that ſuch a Fluid would deſtroy the 


Motion of the Planets, as we have ſhewn. | | 
Aaa 2 | | Bur 
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Let. V. Bur what deſtroys the Car/e/an Hypotheſis at once, (as well as 
the Opinion of thoſe ancient Philoſophers. who ſuppoſed ſolid Orbs 
FF of Cryſtal to belong to every Planet, and carry it round) is the 
Obſervation of Comets, which are neither Meteors, as ſome of 

the Ancients ſuppoſed them, nor Planets ſtraying from one Vortex 

to another, as £ Cartefrans aſſert; but Planets moving in very 
excentrick Orbits, which we ſhall conſider more fully in another 

* Arn. 3. Place à. Only here we are to obſerve, that they move freely to 
. and from all Parts of the Heavens; and therefore there can be no 
cryſtal ſpherical Shells, which would ſtop them; nor Whirlpools of 

Matter, which would change their Direction by degrees, and at 

laſt make them move nearly in the ſame Plane as the Planets, whoſe 

Orbits have all their Planes contained in the Breadth of a Zone of 

4 few Degrees. But what is moſt contrary to the Carteſan Hy- 

potheſis, is the Motion of a retrograde Comet, ſuch as that of the 

Vear 1682, which moving from Eaſt to Weſt, was carried directly 

againſt the ſuppoſed Stream of celeſtial Matter; and, inſtead of ha- 

ving its Motion firſt diminiſhed, and then quite ſtopped, and after- 

wards. being carried in a contrary Direction, (which muſt follow, 

when a Body moving from Eaſt to Weſt falls into a Vortex, whoſe 

Matter moves from Weſt to Eaſt) it accelerated its Motion in its 

Deſcent towards the Sun. rs md | | 


46. Tno' we may very well call the Medium, in which Planets 

move, a Vacuum; yet, fince Light is propagated thro' all the ce- 

leſtial Spaces, and ſome fine Effuvia may be ſeparated from the 

Comets and Planets, there will (ſtrictly ſpeaking) be ſome Reſiſt- 

ance to the Motions: of the Planet, tho' not ſo much by many 

thouſand times as our Air would make; and that Reſiſtance after 

2 great Number of Years, muſt ſo alter the Motion of the Planets, 

f Ihi = "Vas to require the Author of Nature's mending Hand +. If any Al- 

22 teration has been found in their Orbits, tho' ever ſo ſmall, ſince 

Ses the (Que- Aſtronomers began to make accurate Obſervations (as a great ma- 

End of hi ny affert that there has) that will be ſufficient to ſhew, that the 

Optics, World is not eternal, if there were no other Arguments againſt 
its Eternity. 


Tux Sun has been obſerved to have a conſiderable Atmoſphere; 
as its Surface, on account of the prodigious Heat, muſt always be 
throwing out Efluvia, thoſe Effuvie (except ſuch as are fmall 


enough to become Particles of Light, and be darted off with _— 
menſe 
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menſe Velocity) floating about round the Sun's Body, muft make a Lect. v. 
Medium, at leaſt as denſe as our Air. Now, if a Comet come 


near enough to go into the Sun's Atmoſphere, it will on the ac- 
count of the Reſtſtance it meets with, come nearer and nearer to 
the Sun every Revolution, and at laſt fall into it. Such may in 
Time be the Fate of the Comet obſerved in 1680, which came ſo 
near the Sun as to be, at its Peribelion, no fart her diſtant from the 

Sun's Surface than the 6th Part of the Sun's Diameter. For what 
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we know, many a Comet may have fallen into the Sun without our 


Knowledge and Obſervation; and perhaps thoſe Bodies may ſerve 
as freſh Fewel to repleniſh the Waſte of the Sun in ſupplying the 
Syſtem with Light. For tho' it has been objected, that a Comet 
would be but a ſmall Supply, yet if it be as big as the Earth, it 
will be in Diameter the 1looth Part of that of the Sun; that is, in 
Solidity the Ten hundred thouſandth Part; and that may be as 
much as the Sun in many Years may loſe in Light; nay, tho* the 
Comet ſhould: be no bigger than the Moon. (as moſt Comets are 
ſuppoſed to be of that Bigneſs) yet it might ſtill be a fufficient 


Supply for the Waſte of Light. 


457. Tuo theſe are but Conjectures, yet it may not be unac- 
ceptable to the Reader, to ſhew by a Scheme, how a Comet, when 
once it comes into the Sun' s Atmoſphere, will at laſt fall i into it. 


Plate 26. Fig. 1. 


LIT AB Pe be the Orbit of a Comet, Sand F its Focz, S the 
Sun, and D g C the Sun's Atmoſphere, When from the Apheli- 
on A the Comet is come towards the Peribelion as far as B, the 
Reſiſtance of the Sun's Atmoſphere hindering ſome of the Accele- 
ration, which the Comet ought to have, the Sun's Attraction will 
gives its Orbit more Curvature at the Peribelion, bring it nearer 
to it ſelf, and make it come to & inſtead of in its going off; ſo 
that it will then have leſs Curvature, the Sun's Attraction at its 
going off, acting more directly againſt the Direction of the projec- 
tile Force. This will make the Ellipſe longer, carry the Anbelion 
to A, and make the Focus at f be farther from the Sun than 
when it was at F. The next Revolution, when the Comet comes 
down to B, it will ftill come nearer to the Sun in its Per:belzon, and 
_. quit it at B in a new Direction, ſo. as to go off in an Ellipſe till 


longer, whoſe farther Focus is at p, and Aphelion at at-a ; and ſo on, 
till 


Pl. 26. F. 1. 
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Lect. V. till at laſt it comes down to the Sun in the Line 48. But if a Comet 
or Planet moves in the Orbit æ p, whoſe Foci are at the Sun 8 and at 
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F, and whoſe Peribelion p is quite out of the Sun's Atmoſphere, 
the Motion of the revolving Body will not be ſenſibly diſturbed in 
many thouſand Years. FE, 


OruRER Things relating to Aſtronomy cannot be well under- 
ſtood, till we have explained | 


The Third Law of Motion. 


48. To every Action there is ahoays oppoſed an equal Reaction; 
or the mutual Actions of two Bodies upon each other, are always equal, 
and directed to contrary Parts. | | 


WAT EVER draws or preſſes another, is as much drawn or 
preſſed by that other. If a Man preſſes a Stone with his Finger, 
the Finger is alſo preſſed by the Stone. If an Horſe draws a Stone 
tied to a Rope, the Horſe (if I may ſo ſay) will be equally drawn 
back towards the Stone: For the ſtretched Rope, by the 
ſame Endeavour to relax and unbend it ſelf, will draw the Horſe as 
much towards the Stone, as it does the Stone towards the Horſe, 
and will obſtruct the Progreſs of the one as much as it advances 
that of the other. Suppoſe, for Example, that the Horſe is able 
to overcome an Obſtacle equal to 1000 Ib Weight, preſſing againſt 
it with his Breaſt; when the Horſe draws a Stone of 100 
Weight, he will then be able to ſurmount an Obſtacle but of goo Ib, 
the Stone taking away from the Force of the Horſe as much as 
ſerves to bring it ſelf forward. We muſt therefore take care 
rightly to underſtand the Term as much, and diſtinguiſh it from as 
far. If a Body ſtrikes upon another, and by its Force changes 
the Motion of the other, that Body alſo (becauſe of the Equality 
of the mutual Preſſure) will undergo an equal Change, in its own 
Motion towards the contrary Part. The Changes made by theſe 
Actions are equal, not in the Velocities, (unleſs in ſuch Caſes as the 
two Bodies have the ſame Quantity of Matter) but in the Motions 
or Momenta of the Bodies; that is to fay, if the Bodies are not 
hindered by any other Impediments. For, becauſe the Motions are 
equally changed, the Changes of Velocities made towards contrary 
Parts, are reciprocally proportional to the Bodies. This Law 
takes place alſo in Attractions. . | Plate 
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49. Ir in a large Veſſel of Water A B, a Loadſtone L/ be ſet 
afloat on a Piece of Cork, and a Piece of Iron or Steel I 7 of the 
fame Weight be likewiſe ſet afloat on another Piece of Cork, they 
will come towards one another and meet at C the middle of their 
Diſtance ; which ſhews, that the Attraction is mutual between the 
Loadſtone and the Iron. | 


IT is well known, that any long Piece of Steel, which has 
had each End drawn over the Poles of a Loadſtone, will with one 
End attract the Pole that gave it the Virtue, but repel the other 
Pole; and ſo likewiſe with the other End. If then I 7 be the 
touched Piece of Steel, whoſe End I, has received its Virtue from 
the Pole L of the Stone, and : from the Pole /; the Steel and 
Stone will come together in the manner above mentioned, when I 
is placed towards L: but if either : of the Steel, be placed towards 
L of the Stone, or / of the Stone towards I of the Steel, and they 
be brought as near to Cas the Corks on which they float will al- 

low, then as ſoon as they are left to themſelves, the Stone and 

Steel will repel one another; which ſhews, that Action and Re- 
action are equal and contrary as well in the Repulſions as At- 
tractions T. | 


50. AG and BF & are two Boats of equal bigneſs and weight, 
floating on the Water and at reſt, at the Diſtance G F; a Man in 
one of them at G pulling a Rope faſtened at F, by pulling wall 
bring both the Boats together, and they will meet at C their com- 

mon Center of Gravity, which happens alſo here (becauſe they 
are equal) to be the Middle of their Diſtance +. When the Boats 
are together at C, if the Man puſhes the Boat FB from him, that 
Boat and his own Boat will recede from each other to equal Di- 
ſtances from C. But if the Boat FB had been as big again (for 
Example, had been F B H) and the common Center of Gravity of the 
two Boats had been at c, the Diſtance of the Boats being GF; 
then by the Pull of the Man, the Boats would have met atc, the 
biggeſt Boat going thro? but half the Space which the leaſt would go 
thro' ; likewiſe if they were puſhed aſunder from the Point c, the Ve- 
locity of their Receſs would be recip. ocally proportionable to their 
Maſs; that is, A G would recede as far again as F B H, the common 
Center of Gravity in both Caſes being at reſt +. It is plain _ 
| On. tha? 
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Lect. V. that the Mcmenta of both Boats will always be equal, tho' their 


H Velocities are only equal when the Boats are fo; and theſe equal 


Momenta, whereby the Boats are carried towards contrary Parts, 
ſhew that Action and Re- action, in all Caſes where Bodies act up- 
on one another, are equal and contrary. If the Boat A G had been 
cloſe to a large Ship, and the Man had puſhed his Boat off; he 
would have given as much Motion to the Ship as to the Boat: I 
lay, the Ship would have mov'd as much, but not as far; becauſe 
the Velocity of the Ship being as much leſs as the Ship is bigger 
than the Boat, would have been inſenſible to Sight; and therefore 
the Vulgar in ſuch a Caſe imagine, that the Ship does not move 
at all; and much leſs, that when a Man puſhes againſt the Shore 
to ſhove off his Boat, he moves the whole Earth as much as his 
Boat is moved; tho' it is cettainly true. In firing a Cannon, the 
Exploſion of the Powder puſhes the Cannon backward as much as 
it puſhes the Ball forward, only the Quantity of Matter being vaſt- 
ly more in the Cannon than in the Ball, the Recoil is but of a 
- few Feet, whilſt the Ball goes perhaps 10000 Feet; in conſider- 
ing the Recoil, we muſt add the Friction of the Carriage of the 
Cannon againſt the Earth, which will ſtill diminiſh the Velocity 
of ths Cannon's Motion. If the Cannon be faſtened to a Ship, we 
feel only a Shock as we ſtand in the Ship when the Cannon is 
fired, becauſe all the Matter of the Ship being added to the recoil- 
ing Cannon, the Velocity diminiſhes in proportion to the Matter 
added to the Cannon, which makes it inſenſible to the Sight, and 
only to be felt by a Shock. | Ps | 


51. Ac r Io and Re-action are very plainly ſeen in rowing, 
ſwimming and flying; as for Example, when the Man K in the 
F. 26. F-4- Boat I K (Eig. 4 *.) pulls his Oar, he drives the Water towards H, 

and. the Water drives the Boat as much towards D. In ſwimming, 
which is nothing but rowing with the Hands and Feet, we are as 
much puſhed forward by the Water as we puſh the Water back. 
The ſame thing explains the flying of Birds, who are puſhed for- 
ward by the Re-action of the Air againſt their expanded Wings, 
when they ſtrike the Air with them. As for Example, if e Bird 
ſtrikes the Air downwards with his Wings, with a Force equal to 
what would raiſe 10 Pound, the Re- action of the Air will puſh him 
up with the ſame Force; but if the Bird weighs one Pound, the 
Effect of the Re- action of the Air will make the Bird riſe with the 
Force of only 9 Pound; that is, the Bird will rife juſt as one Pound 


would 
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would do tied to a String running over a Pulley, by the Force of Lect. V. 
the Deſcent of 10 Pound at the other End of the String. If tg 
Bird ſhould ſtrike the Air only with a Force equal to his own i 
Weight, he would for ſome time be ſuſpended in the Air without 
Motion, as we often ſee Kites, Hawks, and other Birds of Prey. 


32. Tus above-mentioned Laws of Motion once underſtood, . 
the Phenomena of the Tides will be eaſily accounted for; but to 
make the Matter ſtill eaſier, let us take the following Conſidera- 


tion or Lemma along with us. 


Tf}, when three Bodies are moving after one another the ſame Way, 
with the ſame Velocity, there be an additional Force rmpreſſed upon 
each of them, but greater in - the Firſt, leſs in the Second, and yet 
leſs in the Wird; their Diflances from each other will continually 
increaſe, tho they all continue to move the ſame way, and all of them 


| faſter than they did before, 


Let us ſuppoſe the three Beats, AG, F B, and IK + (Fig. z, 
and 4.) to be carried along a Stream from L towards D, floating 
down with equal Velocity, and that there is but one Man to 
row the Boat A G, two Men to row the Boat FB, and four Men 
to row the Boat IK. Now whilſt none of the Men row, the Boats, 
as they are carried down by the Sream, continue to be af equal 
Diſtances from one another; ſo that if a Man, fitting in the mid- 
dlemoſt Boat at B, can with a long Rod reach the Head of the bind. 
_ moſt Boat at G, and the Stern of the foremoſt Boat at I, be ſhall 
continue to be able to do it while the Men in the Boats do not row: 
but if we ſuppoſe, that all the Men at once begin to row, the 
Motion Z all the Boats towards D will be accelerated, but diffe- 
rently, for the four Men in the foremoſt Boat will accelerate it 
faſter towards D than the two Men in the middlemoſt Boat, and 
theſe tao laſt will make their Boat go on faſter than the fingle Man 
in the laſt Boat AG; ſo that the Perſon, who holds a Rod in the 
middle Boat F B, will no longer be able to reach either the Boat that 
goes before him, or the Boat that follows him ; but will be apt to 
fancy (when he does not attend to his own Motion) that the Boat 
before him haſtens away from him, and that the Boat behind him goes 
backward, This Conſideration will help us to explain the Cauſe 
of the Tides. | „ 
„ B b b 53. Ir 


1. 26. F. 3,4 


Led. v. 
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53. If the Earth was perfectly ſmooth, without Mountains or 
Vallies, the Sea would make a, watery Shell about it, which Shell 
would be concentrick to the Earth, if no Body was near it, to altes 
the Figure of this Flagg by its Attraction. Let a 972 * repreſent the 
Figure of the Earth in ſuch a Suppoſition, C its Center, and A. PLN 
the Surface of the Sea, which is concentrick to the Earth, becauſe 
equally gravitating towards the Center of the Earth in every Part. 
Now, let us confider, what Effect the Moon at M (CM. being a 
Diſtance of 60, Semi-diameters of the Earth). muſt, have. Since 
Action and Re-aQtion are equal, as much as the Moon gravitates 


towards the Sea at L, ſo much does the Sea gravitate towards the 


Moon; hut as the Sea does alſo gravitate towards C the. Center, of 
the Earth, with much more. Force (as it has, 40 times more Mat- 


ter, and is 60 times nearer). the Moon at the Diſtance ML at- 


tracing it in a contrary Direction, can only take off from the Gra- 
vitation towards the Earth ſo much as amounts to its accelerating 

Force at that Diſtance ML. This will make the Water at L 
ſwell up to /; and at the ſame time it will be High-water at A, 
the Water alſo ſwelling up to a on the oppoſite Side of the Earth, 
whilſt the Water falls at Þ and N to ſupply the. Riſe at / and 4. 
If we conſider the Water at L, the Earth at C (reducing all its 
Weight into its Center of Gravity, as it is not a Fluid to change 
its Shape) and at the Antipodes of L the Water at A, we ſhall 
come to the Caſe of the three Bodies, or three Boats in the pre- 
ceding Lemma: for all theſe three gravitate towards the Moon at 
M; but differently according to their Diſtance, in the following 
Proportions, The Water at L is diſtant from the Moon M, 59 


Semi- diameters of the Earth; but the Center of the Earth C is diſtant 


from the Moon 60 Semi- diameters; therefore as much as 3600, the 


Square of the Moon's Diſtance from the Center of the Earth, is a grea- 
ter Number than 348 1 the Square of 59, or the Moon's Diſtance from 
the Sea at L; ſo much is the Attraction of the Moon (that is, the ac- 

elerating Force towards the Moon) greater on the Sea at L, than 
the Earth at C, which makes it come forwarder towards the 
Moon to /; or in other Words, this makes High-water at / under 
the Moon. There is likewiſe at the ſame time High-water at 


the. Antipodes, or oppoſite Part of the Earth at @; becauſe the 


Water there being leſs attracted than the Center of the Earth 
(in the reciprocal Proportion of the, Square of the Diſtances, that is 
as much as 3600, the Square of the Diſtance of the Center of the 
Earth, is a leſs Number than 3721 the Square of AM 7 * 
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Diſtance of the Sea at the Autipodes ſrom the Moon) muſt riſe at Lect. v. 
2 by being left behind, or not advancing towards the Moon fo faft 


as the Center of the Earth. For as the three Bodies L, C, and 
A, all tend towards the Moon, but IL. with more Force than C, 
and C with more Force than A; the Diſtance CL, as well as the 
Diſtance C A, muſt increaſe from thoſe Inequalities of Force act- 
ing the fame way. | 

54. I nave often Heard it objected, that it did not ſeem proba- 
ble, that the Moon ſhould raife the Water at one Part of the Earth, 
as L, by attracting the Water more than the Earth; and at the 


ſame time raiſe it at the oppoſite ſide of the Earth, as at A, by at- 


tracting it lefs than the Earth; but the whole Objection will va- 
niſh, by explaining the meaning of the Word 7o raiſe the Water, 
which here js equivocal. , Tn feſpect of the Earth, what is farther 
removed from the Center of the Barth is faid to be raiſed, and in 
that Senſe the Water at à is ralfed as well as at /; but in reſpect 
of the Moon at M, if the Water at L is ſaid to be raiſed, becauſe 
it comes to / nearer to the Moon, the Water at 4 going to a, 
farther from the Moon, ſhould rather be faid to be depreſſed, or 
left behind, as it is leſs attracted thin the Earth. If we confider 
the Earth drawn towards M, ſo that the Part 8» J of its Sur- 
face, is brought to B a 5, whilſt the Water remains at A, or comes 
on towards M more ſlowly than the Surface at Ba , there will 
happen the ſame thing to an Inhabitant at a, as if the Water 
(without any regard to the Moon) had riſen at A from A to . 
To make this ſtill plainer; let us ſuppoſe an Inhabitant of the Earth 
at A to ſtand in the Sea near the Shore, ſo as to have the Water up 
to his Middle, his Feet being towards a, and his Head towards Z 
the Zenith; if the Moon be in the Nadir at N (that is, under the 
Earth in reſpe& to the Manat A) the Earth on which the Man 
ſtands will be drawn downwards whilſt the Surface of the Water 


does not deſcend. ſo faſt ; the Conſequence of which will be, that 


the Man will'be up to the Neck in Water, whereas he was only 


up to the Middle before; and if he knows nothing of the Moon's 


Action in drawing down the Bottom on which he ſtands, he will 
ſay that it is the Water that riſes. — And this is really what is cal- 
led the coming in of the Tide when we have the Moon at our An- 
tipodes. | | 


„„ 55. FoR 
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Lect. V. 55. For the ſake of ſuch Readers as may not be ſo well ſatiſ- 
wY— fied with what has been ſaid of the Tides hitherto ; I'll give an hy- 

droſtatical Solution of it, anticipating only one plain hydroſtatical 
Propoſition, namely, that all Liguors of the ſame ſpecifick, Weight *, 
which being contained in different Veſſels have a communication, 
fland at the ſame Height; but if in any of the Veſſels there be a 
Liquor ſpecifically lighter than the reft, it will riſe ſo much bigh- 
er as it is ſpecifically ligbier, to reſtore the Aiquilibrium, Now 
we muſt obſerve, that the Points LN AP being equally diſtant 
from the Center of the Earth C, are equally high, and the Waters 
at thoſe Places, which we ſuppoſe to communicate with one ano- 

ther do gravitate towards the Center of the Earth in the Lines L. 
C, NC, A C and PC in the equal Columns Ly, NA, A a, and 
P p: whilſt no other Body but the Earth attracts the Waters. But 
when the Moon is at M, the Columns of Water at L become 
leſs heavy towards C than they were, becauſe the Moon attracts 
them in a contrary Direction (viz. from L to M) which will have 
the ſame Effect as if the Water there was ſpecifically lighter, as it 
would be if it loſt its Saltneſs. But the Columns at P and N do not 
become leſs heavy towards C; becauſe the Moon drawing at right 
Angles to P C and N C, does not diminiſh the Tendencyof the Waters 
at P and N towards C; and therefore they retain their full Gravity, 
which makes them over weigh the Columns at L, which have loſt ſome = 
of their Gravity towards C: the Waters therefore will fall at P and N = 
and riſe at L, till the Waters from L coming up to /, have as much |} 
added to them in Quantity as they have loſt in ſpecifick Weight ; 

and thereby the Æquilibrium will be reſtored. Likewiſe the Co- 

lumns of Water at A, which have leſs Tendency towards C, than 
the Waters at P and N, do (as it were) become ſpecifically lighter ; 
and therefore, in order to maintain the Ægquilibrium, they muſt re- 
ceive an additional Quantity of Water from P and N, which rai- 
ſes them up to 4. | | SBM 


56. I am aware of an Objection here, which ſeems at firſt to be Y.- 

of great Force ; namely, That fince the Waters at L by the Moon's | | 

Attraction, have a Tendency towards the Moon in the Direction LM, 

the Waters at A muſt alſo receive a Tendency towards the Moon 

in the Direction AM by the Moon's Action, tho“ that Action is 

leſs at A than at L; and conſequently that inſtead of their Gravity 
| | | Or 


one Body is ſaid to be ſpecifically hea- ter under the ſame Bulk, or as much Matter 
vier than another, when it contains more Mat- under a leſs Bulk, 
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or Tendency towards C being diminiſhed, it ought to be increaſs Le&..V.- 
ed, be the Addition ever ſo ſmall; and therefore they ought to preſs wy 
more towards C than the Waters at P and N, and ſo be lower at 


A, inſtead of riſing up to 9. | | 


In anſwer to this, we are to conſider that as _ 2-48 at on is 
more attracted towards the Moon than the Water at A, it is the 
ſame thing as removing the Center of Gravity of the Earth from 
C to c, and by that means the Water at A will be ſo much leſs at- 


tracted towards C on account of the greater Diſtance A c # inſtead L. i. N.. 7. : 


of AC, that even with the additional Force given by the Moon 
in the ſame Direction, it will have leſs Tendency towards the Cen- 
ter of the Earth than the Water at P and N, and we i 
it muſt be raiſed up to @ by the Flow of Water from P and N. 


57. Taz is yet another Objection which ſeems to n the 
whole Foundation of this reaſoning upon the Tides, and to make 
the Caſe quite different from the Example of the 3 Boats which we 
have given to illuſtrate it. And it is this, viz. If the Earth C 
and the Waters at L and A (as in the Caſe of the 3 Boats) were 
all carried towards the Moon, the Earth and Moon muſt in time 
come together; but we cannot obſerve the leaſt Approach to- 
wards it, the Diſtances of the Earth and Moon varying only ac- 
cording to the Nature of the Curve in which the Moon moves, and 
the joint Actions of the Sun and Earth according to the different 
Poſition of thoſe 3 Bodies, and the different Diſtance of the Earth 


from the Sun as it goes round in its en Orbit. 


In anſwer to this, we md N that! it is an undeniable 1 
ſequence of the mutual Attraction of all Bodies, and the 7 Law, 
that the Earth muſt gravitate towards the Moon as well as the 
Moon towards the Earth; but we are not to expect to ſee the 
Earth go nearer to the Moon, becauſe another Cauſe deſtroys that 
Effect. For the Moon and Earth (as we have before obſerved *) . I. 2. Ne. 32. 
deſcribing ſimilar Ellipſes round their common Center of Gravity, 
by the Velocity of their Motion acquire ſuch a centrifugal Force 
as balances (or takes off the Effect of) their centripetal Force to- 
wards the common Center. of Gravity. Hence only a Tendency 
is left, and not a viſible Effect in the Earth it ſelf. But in reſpect 
of the Waters, that Tendency muſt produce a viſible Effect, tho” 


they do not leave the Earth; becauſe there is a n 
om 
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Lett. V. from the Wuter at P and N to the Water at Land A. And a8 
see have already demonſtrated that the Waters at L and A hive a 
leſs Tendency towards C the Center of the Earth than the Wa- 
ters at P and N; the Effect of that Tendency will be, that the 
Waters put riſe at A and L, and fall atP and N, to maintain the 
. But if there was no Communication between 5 
N, and A, 'E: there would be no viſible Effect; that is, the Wa- 
ter would not Fiſe at L and A, as it feally does not in Lakes, 
0 fuch Seas as have no Communication wo the- when; unleſs ay 
| e a vaſt Extent. TIS ESD 


58. Tur nert Thing v we Jake to * — to hs „mas 8 

the Riſe and Fall of the Water ſucceſſwely in any one Place; for 

Example, if it be high Water at Portſmouth at Noon, it will be 

low Water a little after Six in the Evening ; - then about Midnight, 

or fix Hours after, high Water again; at Six in the Morning low 

Water; atid, about Noon the next Day, high Water again, Ge. 

From what has been ſaid it appears, that the Waters about the Barth 

do by the Moon's Attraction form themſelves into an oblong Sphe- 

roid, "whole longer Axis produced goes thro” the Center of the 

Fl. 25. F. 5. Moon; as the Spheroid /N 4 P *, whoſe Axis is 20, and which 

produced goes thro' the Center of the Moon at M. Now ket us. | 

| ſuppofe L to be any Sea -Port on the Ocean, as ſuppoſe at Lucario MI Fo 
one of the Bahama Hands in the Latitude of 27 North, and that 


274) ft, il. 22 Ws @#' «xz 


| 3 C is the Axis as well as Center of the Earth; and that Lucas FF. vt 
5 is at Noon at L, where the Water is under the Moon M. As the bo 
| | Earth turns from Weſt to Eaſt, in ſix Hours, Lucaio will be car- 55 
ried to P, where the Water is low, (for the Spheroid of Water will 3 
be tmmoveable in teſpect of the Moon, which we ſuppoſe at reſt M 
at M, whilſt all the Countries of the Earth go round in the Ci- an 
cle L PAN or other Circles parallel to it) in fix Hours more Lu- th 
cao will come to A, where it will have high Water; fix Hours af- | N 
ter that, it will be at N, where the Water is low; and laſtly, it will = 
N return to L the next Day at Noon, and ſo have bigh Witte. 107 
Tur real Fact is, that if it be high Water in any Place this Day by 
at Noon, itwill not be high Water next Day till about 54 Mi- ® 
nutes, that is, near an Hour after Noon to-morrow. The Cauſe me 
of which i is, that the Moon does not remain at reſt in the Heavens _- 
g : as we have juſt now ſuppoſed, but moves in its Orbit 13 Degrees *the 
„ and 102 3 8 as for Example, tire" the Arc M m in 24 Hours — 


| — (Fig. 6.) 
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(Ng. 6.) ſo that when any Place of the Earth, as Zuraro, has gone. Lect. V. 
from L to L, then to /, and to a, and laſtly to the fame. Place at 
the ſame Hour at L; the Moon being no longer at M, but at , the e 
high Water has changed with the Moon's Place, and the long Az- 

is of the Spheroid is no longer LV but NA; and therefore Lucaio 

muſt move quite to N where the high Water is towards the Moon, 

the Spheroid of Water being now repreſented by the prick'd Oval, 

whoſe Axis produced is the Line Nn; and the Tuns of that Mo- 

tion, will by about 53 Minutes, at the rate of 1 5. Degrees in an, 

Res which every Country of the Earth moves from Weſt to Rare 


59. Bs1Dxs this alternate Riſe and Fall of the Water twice in 

24 IE it is obſerved that at, the Time of full and new Moon, 
= Tides: (then called Spring-Tides) are greater than at the Time 
of the Quadratures, that is, when. to us the Moon ap ppears halvd; 
and as the Water riſes higher at the Tide of Flood, fo. it ſinks low- 
er at the Tide of Ebb, when the Moon is Full and when it is New. 
Thoſe Tides that happen at the Quadratures, are called Neap-Tides: 
And both are aged fog "AY the Joins; Action a the Sun x #86 


Moon. 


II the de, of the —.— on . . ame = 1 d. the 
Waters be conſidered, as we have done in reſpect of the Mon, we 
ſhall find (for. the ſame, Reaſons) that the Waters will riſe under the 
Sun and at the Anti podes; but as the Attraction of the Sun, on 
account of its immenſe Diſtance, is above five times leſs than that 
of the Moon, ** all the Effects, cæteris paribus, will be above 
five times leſs, Now, ſince both the Moon and Sun act upon the 
Waters, when their Actions co-incide (as they do at Full and New 
Moon) the Water riſes one fifth higher, and falls one fifth lower; 
and when their Actions are contrary to each other (as they are at 
the Quadratures) the Tides riſe and fall one fifth-leG. - Sir Iſaac 
| Newton has ſhewn * that the Moon is capable of raiſing the, Wa- "WALL 
ter of the Ocean 10 Foot, and the Sun only 2 Foot; there 3. Prop. 38. 
fore when both their Actions join, the Water wall tiſe 12 Foot; 


WY ? and 
2 T he viſible Surfi Bede es 1 meters ar equal. o about 
the Squares of their e his eres the 5 times wal Matter, th: hue Fu havin the ſame 


Power of the Attraction of Bodies (thatl is their Bulk would have (chat i is, being» about 5 times 

accelerating Force) decreaſes in the ſame Ratiq ; leſs denſe than the Moon} has 5 times leis abjo- , 

therefore if the Sun and Moon were of the ſame lute Force, and therefore muſt have 5 tunes L. 1. Ann. 
Henſtty, their Attractions on the Earth and: leſs Power to move the Sc. * 
Seas would be — when their apparent Dia- 
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Lect. v. and where they act againſt each other, the Water will riſe only 8 
—— Foot, But this will be better underſtood by a F igure. 


4185 2 Xa Plate 26. Fig. 7. 


AC is the Earth, whoſe Center is at C; M or m the Moon, 
whoſe Action reduces the Water to the oblong Spheroid /7 ap, 
whoſe Axis produced goes thro' the Moon. 8 is the Sun, which, 
if there had been no Moon, would have raiſed the Water up to 4, 
and on the oppoſite Side to L, ſo as to reduce it into the Spheroid 
AP LN leſs oblong than that of the Moon. Now, when the Sun 
and Moon are in the ſame Line, (as when the Moon is full at M, 


or new at n) the Axes of the two Spheroids co-incide, ſo that the : 
Water, which would have been raiſed by the Moon but to @ and | 


J by the Sun's additional Force will be raiſed up to « and A, 12 
Foot inſtead of 10 Foot, and conſequently depreſſed fo much low- 
er at p and 77, But if the Moon being at M or m, the Sun 
was at sor , (that is, at the Quadratures, when the Moon ap- 
pears halved) the Sun's Action would be capable of raiſing the Wa- 


ter up to Pand N, if it acted alone; but as the Moon at the ſame 


time raiſes the Water at à and /, all the Effect of the Sun's Force will 


only be to hinder the Water from riſing ſo high under the Moon 


and on the oppoſite Side of the Earth, as the Moon would occaſion 


it to do without that Check: fo that the Water, inſtead of riſing up 
to @ and J, only riſes up to A and L, 8 Foot inſtead of 10, and 
the Water is only depreſſed to P and N, inſtead of falling as low as 


5 and u. Thus are the Neap-Tides produced by the contrary, as 
the Spring-Tides are but the joint Actions of the Sun and Moon. 


As the Sea-ſhores are very irregular, the Sea of various Depths, 
and Rivers run ſwifter or {lower into the Sea with and againſt Tide, 
and as the Water runs differently into Bays, Gulphs, and Streights, 


we muſt not expect the ſame Regularity of Tides as we have men- 
tioned, any where but in the free Ocean; but if Circumſtances and 


Facts are rightly examined, we may ſolve all the Phenomena re- 

lating to the Tides from the Principles above explained, That 
learned and indefatigable Aſtronomer Dr. Halley has given an 

Inftance of it in the firſt Volume of the Mrſte/lanea Curioſa, and 

Philoſophical Tranſactions, Ne. 162. where he has enlarged upon 

Sir Iſaac Newton's Theory, and applied it to ſeveral Caſes, which 
without it would be altogether unaccountable ; ſhewing by a Solu- 

5 . | | tion 
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tion of very difficult Phenomena, that the Theory will reach all Lect. V. 
Caſes known and faithfully related. I refer thoſe who are curious w=w—=— 


to know more of this Matter to the 47th Propoſition of the 3d 
Book of Sir Jaac Newton's Principia, and Dr. Halley's Diſſertation 
above mentioned. There they will ſee why the Water riſes to pro- 


digious Heights, as 40, '50,,nay above 60 Foot in ſeveral Places, 


as at Chepftow above Briſtol, at St. Malo, at Auranches, in Nor- 
mandy, Cambaja and Pegu in the Eaft Indies. Why there are no 
ſenſible Tides in ſome Places, as the Mediterranean, the Caſpian 
Sea, the Black Sea, and the Lakes. Why the Tides are fo extraor- 
dinary at Tonguin in China, where there is but one Flood and Ebb in 
24 Hours, and twice in each Month no Tide at all. Why the Moon, 
muſt be a little paſt the South to make high Water in ſome Places ; 
and why the higheſt Spring Tides are not preciſely on the New 


and Full Moons, nor the Neaps on the Quarters, but generally 


the third Tides after them, on account of the Reſiſtance that the 
Water meets with, which hinders it from following the Moon ſo faſt 
as it would do if it covered the Surface of a ſmooth Earth. I ſhall 


explain but one Thing more before I leave this Subject, vig. the 


Phenomena of the Æquinoctial Tides, which are higher near the 


Vernal and Autumnal Ægquinox than at any other Time; and leaſt 


of all at the So/ftices, | 
Plate 26. Fg. 8. 


60. Let 1 C 2 D repreſent the Orbit of the Earth, and 8 the Sun pl. 26. e.s. 


in the Middle; 1 and 2 the Earth at the Time of the Summer and 
Winter Soſſtice; 3 and 4 the Earth at the Æquinox. Firſt, let us 
conſider what muſt happen to any particular Place, as Lucaio above 
mentioned, when it is Summer So//tzce for that Country, as at 1. 
If the Moon be in the Line A 8, that is, whether it be New or Full, 
in the Syzygy, as Aſtronomers call it, AL will be the long Axis of 
the watery Spheroid, and the Waters will be higheſt at L and A, 
Now Lyucato being at Noon at L will have high Water, and that 
in a Place where the Spheroid is higheſt ; but at Midnight Lucaio 
will come to L, where indeed it will have high Water, but not 
near ſo high as if it had been at A, the Antipodes of L; the Paral- 
lel of Lucaio, that is the Plane of it (as well as thoſe of all the 
other Parallels or Circles in which the ſeveral Countries in the 
World revolve about the Earth's Axis) making an Angle with the 
Axis of the watery Spheroid, the Whirl of the Surface of the Earth 

You. I. Cape © is 
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Lect. V. is oblique to the Motion of the Water cauſed by the Sun and Moon's 
Aion, and conſequently the Riſe of the Water is abated by the 


Shore's carrying it another Way. At the Winter Solſiice when the 
Earth is at 2, Lucaio being at / at Noon has indeed high Water; 
but the Water is not near ſo high as at & the Antæci of Lucaio: 
but at Midnight Lucaio is carried to a,. where it has a great Tide, 
the Water being there in the higheſt Place 'of the Spheroid. 


COROLLARY. 


Hence follows, that at the Summer Solſſice the Northern Coun- 
tries have the Flood in the Day-time higher than at Night ; but 
the Reverſe at the Winter So/iice: and the fame happens to 
the Southern Regions in the oppoſite Months, 7 


Wren the Earth is at 3 or 4, where the Æquinoxes are, the 
Water is higheſt at C and D, the Sun being then in the Plane of 
the Equator Q fo that every Country, that has had high Wa- 
ter in the Day-time, as in the Hemiſphere 4 QC, will have 
as high Water in the Night 12 Hours and a half after; as in the He- 
miſphere A 3 QD. The Centrifugal Force of every Place helping 
alſo to raiſe the Water, every Parallel of Latitude having its Plane 

Hel to the Axis of the Spheroid. But this will appear till 


l. 26. F. 9. plainer by the gth Figure *, where P p is the Axis of the Earth, 


AQ the Agquator, E NpnQP the watery Spheroid raiſed by 
the Sun 8 and New Moon M, L Lucaio having high Water at 
Noon; it is evident that when Lucaio comes to / at Midnight, it 
will have the Water nearly as high as it had it at Noon. The ſame 
may be ſaid of any other Place, as the Antæci of Lucaio at N, which, 
when they come at Midnight to 2, will have nearly as high Water as 
they had at Noon at N. So likewiſe will thoſe that inhabit at £ 
find the Water in 12 2 Hours as high at Q. | | 


N. B. As the Sun is neareſt the Earth in the Winter, wwe have 

the higheſt Tides in that Solſtice which makes the Winter of 
our Northern Regions ; and hence alſo follows that the greateſt 
Spring-Tides are not preciſely at the Time of the Aqui noxes, 
but a little before the Vernal, and a little after the Autumnal 
Equinox. 6.94. PR. i 
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61. A Pendulum is 4 heavy Body of any kind, which -being 


faſtened to a String or Wire hangs down from a Point where it is 
ſuſpended ; as the Pendulum P * hangs from the Center C by the Pl. 26. F. 10. 


String CP, Now if ſuch a Body be removed from its loweſt 
Point P to any other Point as p; as ſoon as it is looſed, it will not 


only come down again to P, from whence it came, but will go on 


till it riſes up to , to an Height equal to that from which it fell, 
except ſo much as it is hindered by the Reſiſtance of Air and Fric- 
tion at C; otherwiſe it would move forwards and backwards for 


ever. That Deſcent and Riſe of the Pendulum, as for Example, 


from p to , is called an Oſcillation or Vibration. 


Tux Uſes of Pendulums are many ; but they are moſt common- 
ly applied for meaſuring Time. The whole Doctrine of Pendulums, 
that is, all that relates to their Phenomena, naturally follows from 


what we have ſaid concerning the Fall of Bodies. 
62. 1 have already ſhewed, that if there be an inclined Plane, as 


AB (* Fig. 11.) whoſe Height is AC and Baſe C B; a Body *Pl.26.F.11. 


falling along the inclined Plane from A will be got no farther than 
D, whilſt another Body ſetting out from the ſame Point A 1s fallen 


| down to C the whole Height of the Plane ; and that the Point D 


is found by drawing a Perpendicular from C (the Bottom of the 


vertical Line which meaſures the Height of the Plane) to the Plane +. + Ne. 18. P. 
If therefore there be ſeveral other inclined Planes from the Point A 329.330, 331. 


to the horizontal Line CB, as AE, AF, A G, Sc. the Perpen- 


diculars CH, CI, C K, will ſhew the Points on thoſe Planes to 


which a Body falling from A will come in the ſame Time ; now 
ſince all the - Angles in a Semi-Circle are right Angles, upon the 
Line A C with the Diſtance AP (the half of AC) may be de- 
{ſcribed round the Point P a Semi-Circle which will paſs thro* the 
Angular Points D, H, I, K, &c. Let the whole Circle be com- 
pleated. The intercepted Parts of the Lines (or Planes) A B, A E, 


AF, AG, namely AD, AH, AI, AK are now Chords of the 


Circle. Draw in the other Semi-Circle, the Lines OC, N C, 


NMC, LC, reſpectively parallel to (therefore equal and equally 


inclined with) the Chords above mentioned. Now, from what has 


been ſaid it is evident that a Body will fall thro' all thoſe laſt 
Ccc2 Chords 
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Lect. V. Chords in the ſame Time as well as thro' the others. Therefore 
ifa Circle be ſet upright, and there be ever ſo many Chords drawn 


to the lower Part of the Diameter, a Body will fall in the Diame- 


ter (the whole length of it) and in any of the Chords in the ſame 


Time, thoſe Chords that are moſt inclined being ſhorteſt, and fo 
vice verſa. Now, ſince ſmall Arcs of Circles differ but little from 
their Chords, Bodies falling in ſmall Arcs of Circles, inſtead of 
falling in their Chords, will deſcribe thoſe Arcs in times that are 
ſenſibly the ſame**. For Example; let a pendulous Body C by a 
String C P hang at P the Center of the Circle ; then let it be rai- 
ſed from Cto M, or any Point between C and M, (or the ſame on 
the other Side of C) as ſoon as you let it go, it will fall to C in an 

Arc of the Circle inſtead of the Chord, and ſenſibly in the ſame 
Time, whether it fall from L, K, or I; becauſe the Chord LC 
or I C differs from its Arc L Cor I C very little more than the 
Chord C K differs from its Arc C K. But if the Pendulum was to 
fall in the Arc NMC, or ML C, it would be ſomething longer 
in getting to the Bottom C, than if it had only fallen from K, be- 


cauſe the Arc NM Cor ML C does exceed in Length the 


Chord NC or MC much more than the Arc C K does exceed 
its Chord CK. But if the Pendulum falling from M, be only 
hindered in its Motion by the Air, it will riſe nearly up to H, which 
is as high as M, and then there will ſcarce be any Difference be- 
tween the Time of the Pendulum's Riſe and Fall. | 


CaROLLARY 


Hence follows, that if a Pendulum be made to ſwing in great 
Arcs of a Circle, and being left to it ſelf does continually dimi- 
niſh its Vibrations by the Refiſtance of the Air, the Times of the 
Vibrations will be a little longer at firſt than at laſt ; but if the 
Body makes but ſmall Arcs at firſt, all its Vibrations without any 


ſenſible 


I don't mean that a Body will fall in the the Time, muſt be perform'd in the ſame 
Arcs in the fame Time that it falls in he Time that a Body wou'd fall 4 Diamcters, or 


Chords; but that in Arcs not very unequal, a 
Body will fall ſenſibly in the fame Time. For a 
Body will fall faſter in an Arc than its Chord, 


becauſe it ſets out with a greater Declivity ; 


the Time of the Fall in the Arc being to the 
Time of the Fall in the Chord nearly in the 
Proportion of 785 to 1000. The Deſcent a- 
long the Chord being perform'd in the ſame 
Time as the Deſcent along the Diameter ; it 
muſt follow that the whole Vibration, or the 
Fall and Riſe in two Qhords, taking up twice 


8 times the length of the Pendulum: But 
Mathematicians have demonſtrated, that the 


Time in which a Pendulum vibrates in an Arc 


of a Circle; is to the Time in which it would 
fall the 4 Diameters above mention'd, as the 
Periphery of a Circle to thoſe 4 Diameters ; 
or, the Time of the Fall in an Arc: is to the 
Time of the Fall in a Chord: : as a Quarter of 
a Circle: to its Diameter; that is, nearly, 


as 785 to co. 
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ſenſible Error may be reckoned ?/ochronal (t that 1 is, N in the Lect. V. 
ſame time) till it come to reſt. — 


] COROLLARY Wl 


HxN CCE follows alſo, that whatever be the Metal or Kind of the 
Body which is made a Pendulum, provided the String be of the 
ſame Length, all the Vibrations if ſmall, will be performed in the 
ſame Time (ſince all Bodies tend to fall with the ſame Velocity ) 41.1. Ns. 
by counting the Vibrations one may meaſure Time very exactly. 
For tho' ſuch Bodies, as are ſpecifically lighter than others, will ſooner 
come to reſt by the Reſiſtance of the Air, and ſo they will have 
fewer Vibrations, yet every one of thoſe Vibrations will be per- 


formed in the ſame Time. 


N. B. 7. 55 and what has been ſaid before, wi 1 be made more evident 
by Experiments. | 


E XPERIMENT XVII. Plate 26. Fig. 12. : 1 


04, SC D is a triangular Board of Wood ſet upright, with an 
Arc of a Circle drawn round the Center 5 from o to 9, and another 
drawn round the Center a to 9 on the other Side, and the Di- 
viſions on each Side are equal. From à and & let the two Balls or 
Pendulums hang ſo as juſt to touch one another when they are at 
loweſt, which they will do becauſe the Points 2, 5, are juſt diſtant 
from one another the Diſtance of the Balls Centers. If the Ball A 

be raiſed to 7, 8, or 9, and the Ball B to 1, 2, or 3; and you let 
them go both at the lame time, they will meet exactly at o, tho 
they have deſcribed unequal Arcs; and ſo they will, let the Arcs be 
as different as they can be made by this Inſtrument, at leaſt as 
far as Sight can determine, when the biggeſt Arc is not of above , 
20 Degrees, as it cannot be in this Inſtrument. | 


EXPERIMENT XVIII. Plate 26. Fig. 13. 


5 TAKE 3 Balls P, P, and IT, one of Lead, one of Ivory, 
and one of Cork, and, having faſtened each of them to Strings of 
equal Lengths, let them hang from the horizontal Wire W on the. 


Top of the Stand S s ; then raiſing them all up to equal Heights, — 
they, will, when you + them go at the ſame time, pron — . 0 
| ibra« a 
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LeR. V. Vibrations in the ſame Time; for tho' the Cork will come ſooner 
» to reſt than the Ivory, and the Ivory than the Lead; and while 


PI. 27. F. 1. 


* N ; * 


the Lead is ſtill vibrating in the Arc Pp, the Ivory vibrates only 
in the leſſer Arc Pp, and the Cork in an Arc ſtill leſs, viz, II x, 
one may obſerve t hat they always come to the loweſt Part of the 
Vibration at the ſame Time. | LOT 


ExPERIMENT XIX. PI. 1. 


65. ABouT the Pin C for a Center let the Pendulum P ſwing, 
having firſt lifted it from F to P, and it will deſcribe the Arc PF e 
riſing up to e ſenſibly as high as P in the horizontal Line Pe. 
Then at the Point A, the middle of the ſaid horizontal Line, 
ſtick in the Pin A, and the String of the Pendulum will be check'd 
and ſtopped by that Pin ; but the remaining Part of the String be- 


low from A to F will be at liberty, ſo as to let the Pendulum riſe 


up to B, a Point in the horizontal Line above mentioned in an Arc 
of a Circle whoſe Radius is A F. If the Pin be fixed at a, the Pen- 
dulum will riſe in the Curve F D; and if two Pins be fixed at 5 
and c, the Pendulum will riſe in the Curve-F E, made up of three 
different Arcs; of which the firſt has its Center at C, the next at 5, and 
the laſt at c. This ſhews (as has been already explained) That 
awhatever Curve or Curves a Pendulum riſes in after its Deſcent, it 
will go up to the ſame Height from whence it fell, except what muſt 


be allowed for the Reſiſtance of the Air; the Velocity of the Pen- 


dulum at the loweſt Point F being the ſame as it would have acquired 
in falling directly from A: and, that that Velocity is capable of car- 
rying the Body (in ſuch a Direction as Gravity cannot act againſt 
it) twice the ſpace A F, by an uniform Motion, in the ſame Time 
that it falls thro' the Space AF by an accelerated Motion, as 
has been already proved + ; but it will be made viſible by the fol- 


lowing Experiment. | | 


Ex PER IMENT XX. Plate 27. Fig. 2. 


66. To a String about 40 Foot long from the Center C hang 
the Pendulum P, which when at liberty will hang down to p and 
{wing in the Arcp g. From the loweſt Point þ on the Arc pq mea- 
fure two Foot or the Arc p , which will be a Line ſenſibly hori- 
zontal, the verſed Sine of ſuch an Arc being but about half an Inch. 
At the Diſtance of half a Diameter of the Pendulum beyond ⁊ fix a 

| | ver- 
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vertical Obſtacle or wooden Plane O 7; and another ſuch on the other 
Side ofp at the Diſtance of about one Foot and an half, but in an ho- 
rizontal Poſition, ſo that the Surface of it may be even with the Bot- 
tom of the Pendulum, namely, in the Line p 7. Let the Pin N 

be fixed perpendicular to the String (that is, in an horizontal Poſi- 
tion) at the Height of one Foot above p. A Mark or ſtrong Point, 
as n, muſt alſo be made in the Wall or Plane behind the String of the 
Pendulum a little above p. Then having raiſed the Pendulum up 
to P in the Line H , that is, juſt one Foot high, let it go again and 
obſerve the very Inſtant of Time that a Mark in the String of P comes 
to the Point 7, that you may juſt then let fall the Body H from the 
horizontal Line H h to the Obſtacle M; and you will find that the 
Ball H ſtrikes M at the very Inſtant that P ſtrikes the Obſtacle O 7 
at , P moving horizontally the Space p , which is two Foot, while 
H falls the Height H M, which is but one Foot. This may be done 
ſo exactly, that the Sound of the two Strokes will be but as one. 


67. IT has been obſerved, that a Pendulum, whoſe Length is 39 
Inches and 2 Tenths (Engliſh Meaſure *) from the Center of — 
Ball to the Point of Suſpenſion, will perform one Vibration in one 
Second of Time; that is, 3600 in an Hour. It has been tried with 
a Pendulum of 50 ih Weight, made of a lenticular Figure, the better 
to cut the Air, and a fine Steel Wire was uſed inſtead of a String; 
and with ſuch an Inſtrument the Vibrations have continued a whole 


Day. Hence it is that Pendulums will ſerve to meaſure Time e- 


383 


e.. 
3 


* Ann. 9. 


qually and exactly, Regard being had to the Length of the Pendu- 


lum, be the Wight of any kind, or bigneſs. 


68. Tax ſhorter Pendulums are, the ſhorter will be the Time of 
their Vibrations; tho' the Times of Vibration will not be as the 
Lengths of the Pendulums, but as the ſquare Roots of their Lengths; 
as for Example, à Pendulum of 13 Foot and near an Inch long (that 
is, 156,8 Inches) which is 4 times. as long as a Pendulum that ſwings 
Seconds, will perform its Vibrations in 2 Seconds ; and if we would 
have a Pendulum to go twice as faſt as the Second-Pendulum, that 


is, to ſwing twice in a Second, we muſt make it 4 timesſhorter ; that 


is, 9 Inches and 8 Tenths. The reaſon of it is evident from the 


following 
DEMONSTRATION. Pl. 27. Fig. 3. 


A E B G, and D F B are two Circles whoſe Diameters A B and 


DB are to one another as 4 to 1. Now it has been demonſtrated“, 
| that 


Pl. 27. F. 3. 


L. 5. Ne. 15. 
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Lect. V. that if a Body fall thro' a certain Space, as AB, in any determi- 
A :zate Time; it will fall thro' only + of that Space, as DB, in half 
that Time. But it has alſo been proved, that Bodies will fall in the 
I. 5. Ne. 59. Chord, or a Circle, in the ſame Time that they fall in the Diameter *; 
therefore a Body at E will fall thro' the Chord E B in twice the 

Time that a Body at F will fall thro' the Chord FB. Now as the 

Chord E B differs from the Arc EB (or is ſhorter) in the ſame 
Proportion as the Chord F B differs from its Arc F B (both being 

ſuppoſed Arcs of the fame Number of Degrees) the Difference 

will be proportionable in the Deſcent of the two Pendulums C E 

and F; conſequently E will be twice as long coming down to B, 


" ate” 


as F coming down to B: but the whole Vibration which carries up L 
E to G, and F to g will, in both, be double the Time of their re- I 
ſpective Falls. Therefore a Pendulum, to vibrate twice as faſt as V 
another, muſt be 4 times ſhorter, . 2, E. N. | A | : 
P. 27. F. 4. | EXPERIMENT XXI. Pl. 25. Hg. 4. | 1 
Ox the horizontal Wire W of the Stand repreſented in the 13th | 1 
Figure of Plate 26, whoſe Top is here expreſſed in Fig. 4, hang = = 
a Pendulum CP whoſe 3 is 39, 2 Inches, and upon the ſame Td 
Wire a little forwarder hang the Pendulum cy of a quarter of tat I 
Length. Let both Pendulums fall at the ſame Time from any | v 
Height to which they have been raiſed, as P and p, and you will | T 
find that p will be got to f (having performed its whole Vibration) tl 
when P is only come to B; when P is come F, then ↄ is come J 
back from / to p; when P is come back to B, p is got to /; and ce 
at laſt when P is come back to P, p will alſo be come to p from 2 
whence it firſt ſet out: ſo that the two Pendulums will begin to of 
fall together every other Stroke, the ſhort one vibrating in half Se- in 
conds, whilſt the long one vibrates in whole Seconds. | by 

56 3 | of 

pl. 27. F. 5. ExXPRIMENT XXII. Plate 27. Fig. 5. 5 A: 
ö 4 of 


TAE E an Iron Bar, either ſquare or round, provided it be of the 
ſame Thickneſs in all Parts, whoſe Length muſt be 58,8 Inches, 


meaſuring from a little Hole to receive the Wire of the Stand to its 0 
End; and having thruſt the Wire thro its Hole at A, and ſuſ- 
pended a Second- Pendulum at C, let both go down from P and B wy 
at the ſame time, and their Vibrations will be 2fochronal, that is | 

performed in the ſame Time. This ſhews that any freight, even Ofc 
Rod, ſquare or round, of any Metal 'whatſoever, will perform its 222 


Vibra- 
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Vibrations in the ſame Time that a Pendulum of ; of the Length Lect. v. = 
of it vibrates; as if the whole Matter of the Bar had been colle&ted Woymw 
into the Point p, which is therefore called the Center of Oſcillatiun. 
N. B. If any Perſon holding a Bar, as A B, at its End A, 

ſhould ftrike a Blow with it, the greateſt Stroke poſſible with the 

fame Strength would be made when the Point p ſtrikes againſt 

the Obſtacle ; for this Reaſon, that Point which is here _ 

Center of Oſcillation, may alſo be called the Center of Per- 

cuſſion (a.) 8 | 


69. A Pendulum is very ſucceſsfully applied to Clock-Work fot 
meaſuring equal Time, as may be ſeen by looking into any Clock: 
But to ſhew in what manner it regulates the Motion, one Example 
will be ſufficient, which I give here in deſcribing a little Clock or 
 Chronometer, which Mr. George Graham contrived and made for 

me ſome Years ago, ſo exact as to meaſure a ſmall Part of Time 
very nicely, even to the 16th Part of a Second.. | 


To one End of an horizontal Axis is fixed a contrate Wheel of 
120 Teeth, and at the other End there is a little Barrel, which on 
its outfide receives the String of a little Weight to turn the Wheel 
round ; the Wheel with its Teeth moves an horizontal Pinion of | 9 
15 Leaves (or Teeth) fixed to the Bottom of a vertical Axis on | H 
whoſe Top is the Balance Wheel which is a contrate Wheel of 15 1 
Teeth cut aſkew : that is, one Side of every Tooth is perpendicular to i 
the Plane of the Wheel, and the other cut obliquely with a Curve. 
Juſt over this laſt Wheel there is a little Axis or Rod of Steel pla- | £1 
ced horizontally, which has two little Pallets at right Angles to | 
each other, ſo placed as to be alternately ſtruck by the upright Part 1 
of the Skew- Teeth on the oppoſite Sides of the Balance Wheel, | —_— 


in ſuch manner that not one of the Teeth of that Wheel can paſs — 
by without a Stroke be made againſt each Pallet to give a quarter 1 
of a Turn to the Axis above mentioned. At the other End of this [1 
Axis 1s fixed a Wire, at whoſe End is a Braſs Bob, whoſe Center . 
of Gravity is diſtant from the horizontal Axis 2, 45 Inches, that 2 


is, near two Inches and a half, or the 16th Part of the Length of 7 .> 
a Pendulum vibrating Seconds. Therefore, as the Weight carries = 
the Wheel-work round, the Skew-Teeth of the Balance Wheel Mm 
muſt ſtrike the Pallets fixed to the horizontal Axis, about which 


Vor. I. | | D d d > 2 
(a) In ſome fort of Bodies the Center of being foreign to my preſent Purpoſe, I ſhall 
O/cillation and the Center of Percuſſion is not ys more of it Peg The 
the ſame; but the Diſcuſſion of that Matter 
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Lect. V. the little Pendulum moves; and as that Pendulum, on account of 


Lon nmmumned 
No. 67, 68. 
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its length vibrates 4 times in a Second *, and there muſt be 2 
Strokes againſt the Pallets for every Tooth that paſſes by in the 
Balance Wheel, ſo there muſt be two Swingsof the Pendulum, or half 
a Second in Time, for every Tooth of the great Wheel that is brought 
forward by the Pinion, (whoſe Number of Teeth is equal to that of 
the Balance Wheel ;) and as the great Wheel has 120 Teeth, there 
will be performed 240 Vibrations of the Pendulum whilſt the great 


Wheel goes round; therefore an Hand or Index fixed to the great 


Wheel will go round in One Minute, pointing to 60 large Diviſions 
for Seconds on the Dial-Plate, which Diviſions are again ſubdivi- 
ded into 4, to ſhew the Quarters of Seconds, But then beſides this, 
there is a Quadrant of a Circle of a Radius equal to the Length of 
the Pendulum, which is divided into 4 Parts by 5 little Braſs Pins, 
fixed to an horizontal Axis; which Quadrant ferves not only as a 
Detent to ſet the Machine a going in a -16th Part of a Second, . but 
alſo to ſtop it in the ſame Time, the Pins ſtopping the Pendulum 
in any fourth part of its Vibration; for in fixing the Pins, Regard 
was. had to the Time of every fourth part of the Vibration, the 2 
Spaces between the Pins next to the loweſt Part of the Quarter of 
the Circle which the Pendulum vibrates in 4 of a Second, being fo 
much greater as the Pendulum moves ſwifter in that Part of its Vi- 
bration. A 7 : | e 


Tus Chronometer is of great Uſe for meaſuring ſmall Parts of ; 


Time in Aſtronomical Obſervations, the Time of the Fall of Bo- 
dies, the Velocity of running Waters, and fit for many other Pur- 
poſes where a ſmall Space of Time is to be meaſured nicely, as 
from 3 or 4 Seconds to a Minute or two : but it is not adapted to 
meaſure long Spaces of Time very exactly; becauſe, tho” it ſeems 
to vibrate exactly a quarter of a Circle every Vibration, yet it does 
not really do fo, and the Difference of the Lengths of the Vibra- 
tions in ſuch large Arcs makes a Difference in Time; and however 
mall that Difference is, yet a great many of them create a ſenfible 
Error. In this Machine, there is ſometimes an Error of + of a Se- 
cond in 14 Seconds. This is a Fault which all Clocks are liable to, 
that have ſhort Pendulums which ſwing large Arcs of a Circle. 


70. Bur there is a Curve, which is neither a Circle nor an Ellipſe, 
in which all the Vibrations of the fame Pendulum, whether long 
or ſhort,. are performed. in the ſame Time, and when Clock-Work 


. r. 
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is regulated by a Pendulum moving in that Curve, along Space of Le&. V. 
Time may be exactly meaſured. This Curve is a Cycloid, . 
which here follows the Deſcription, 7} 


1. Ir a Circle in a vertical Poſition rolls along the horizontal Line 
AB # (as the Wheel of a Carriage does uponthe Road) till it has made . plz. F 6. 
one Revolution, that Point of the Circle, as A, which touched the : 
Plane, will riſe up from the Line and beat a when the Circle has 
rolled half way, having deſcribed the Curve A a, from whence (as 
the Circle goes on) it goes downwards in the fame kind of Curve, 
till it comes to touch the Line A Bat B; the Point C, which was 
uppermoſt at the beginning of the Motion, having been down at c 
when A was at 4, and now being returned to + when the Circle 
is in the ſame Poſition as before its Revolution began. The whole 
Curve AaB ſo deſcribed is called a Cyclo:d, and the Circle AC | 
the generating Circle, and the Line AB the Baſe of the Cychid F. , Ann. 10. 


IT is evident from the Formation of the Cycloid, that the Baſe 
of the Cycloid is equal to the Circumference of the generating Cir- 
cle. Several other Properties of the Cycloid have been demonſtra- 
ted by Mathematicians +, whoſe Demonſtrations it would be tedi- ov. Work 
ous to repeat here; therefore we ſhall take them for granted, and 1 gp 


mention them as we have Occaſion for them in our Conclufions nouilli, &c. 
about Pendulums. | | 


72. LET us now invert the Qyclhid, ſo as to have AB the Baſe 
at Top and the Cyclozd underneath *. It has been demonſtrated, * Pl. 27. F. 7. 
that if from any Point in the Cyclozd, as E or p, there be drawn a 
Line parallel to the Baſe, and from the Point where that Line cuts 
the generating Circle when it has performed half its Revolution 
(that is, when it is at G) there be drawn a Chord ſuch as e D or 
9 D, the intercepted Arc of the Cycloid, as E D or p D, will be 
double the Chord e D or D; and fo one half of the Cycloid, as 
A D, will be double the Diameter G D of the generating Circle. 
Now ſince it has been ſhewn that a Body will fall in the ſame 
Time in the Diameter GD, and in the Chords q D, e D, a Body 
muſt fall in the Arcs A D, 5 D and E D in equal Times; becauſe 
each of them is the double of the above-ſaid Lines G D, qD 
and e D; but more eſpecially becauſe the Tangents are every where 
parallel to the correſpondent Chords. So that when a Pendulum ſwings 
in a Cychzd; all the Vibrations, however unequal, are iſochronal. 
Ddd2 Now 
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Lect. V. 
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Now, in order to make a Perdue ſwing in a Cycloid, there 


A S have been contrived cycloidal Cheeks on each Side of the Center 


„. 


of Suſpenſion, that the String applying itſelf to them ſhall ſhor- 
ten the Diſtance of the Pendulum from the Point of Suſpenſion, ſo 
as to make it deſcribe a Cycloidal Arc inſtead of a Circular one. 


The cycloidal Cheeks are thus made: Let the half Cycloidal A D be 


transferred to CB, fo that the Point D may be on B, and the half 
Cychid B D be transferred to C A, fo that the Point D may be on 
A. Now if there be a Couple of Cheeks of Wood or Metal cut 
convex ſo as exactly to fit thoſe Semi-cycloids, and a Pendulum as P of 


the Length CD, double the Diameter G P, has its Point of Suſpenſion 


juſt between the ſaid Cheeks at their Point of Contact C, ſuch a Pendu- 
lum will no longer vibrate in the Arc H DI (whoſe Center is C and 
Radius the Length of the Pendulum) but in the Cyc/2z4 A D F B, by 
the ſhortening of the String as it applies itſelf to the cycloidal Cheeks 
e ! r 


THERE is another Way to make a Pendulum vibrate in Arcs 
ſo nearly cycloidal, as to have no Error in their Meaſure of Time; 
and that is, by having the Pendulum very long, and making it only 


vibrate very ſmall Arcs. For Example, let CD be a Second 


Pendulum, that is, 39, 2 Inches long, and let it only vibrate from 


P to 4 about 4 or 5 Degrees. It is plain that the Circle and Cy- 


cloid co-incide at D and ſome Degrees on either Side ; therefore 
the Pendulum that ſwings in the circular Arc HD I, deſcribing 
only the Part of it P, may be conſidered as ſwinging in a cycloidal 
Arc; and if it ſhould ſometimes go from D only to d, it would 


deſcribe that little Arc in the ſame time as the greater Arc D. 


N. B. It is better to uſe the long Pendulum than the cycloidal 
Cheeks ; becauſe if the String or Wire, by which the Pendulum 
hangs, ſtrikes ſtrongly on the cycloidal Cheeks, the Reaction of 
thoſe Cheeks, which are in ſome meaſure elaſtick, will add to the 


Force of Gravity, by which alone the Pendulum muſt ſwing, to have 


its Vibrations iſochronal in a Cycloid; ſo that when any ſuch Shock 


happens, the Vibration will be too quick. But the long Pendulum 


without a very great Shock (ſuch as would ſend it up to p) will not 
ſo ſenſibly vibrate out of the Cycloid as to cauſe any Error in the 
Meaſure of Time. So that is now uſed very ſucceſsfully in Clocks 
for keeping Time at Land; the Shocks at Sea being too great to 
have a long Pendulum Clock go ſa well in a Ship. 


73. Br- 


e . e 0 mud Fang 
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73. Berore we quit this Subject, it may not be improper Lect. V. 
S.— — 


to mention a remarkable Property of the :Cyclord, which is this, vir. 
that it is the Line of the fwifteft Deſcen ; that is, if a Body is to 
move from A to D*, there is no Line of any kind which can be 
drawn from the upper to the lower of thoſe Points, along which a 
Body will deſcend fo faſt as in the Semi-cycloid A D; neither an 
Arc of a Circle, nor even the ſtreight Line A D, tho' it be ſo much 
ſhorter : for the Body at firſt ſetting out from A deſcends in fo 
| ſteep a Direction (that is, is fo much acted upon by Gravity) that 
it acquires a great Velocity, ſo as to carry it the more ſwiftly in the 
lower Part of the Curve which is leſs ſteep; and a circular Arc 
which would be more ſteep at Bottom, is leſs ſo at Top. If an in- 
clined Line as A F, be drawn from A beyond the loweſt Point of the 
Cyclord, and a Body goes down that Line, whilſt another runs from 
the ſame Point along the Cyclozd, the greater Celerity of the Body 
in the Oycloid will ſtill appear more evidently. This Property, 
and that of having the Deſcent ofa Body from any Part of the (in- 


— 


*P. 27. . 7. 


verted) Cycloid to the Bottom, exactly in the ſame Time, will be 


illuſtrated by the following Experiments. 
EXPER 1 ENT XXI. Plate 27. Fig. 8. 


J4. Tus Machine BHM DD, repreſented by the Figure, is 
made of Wood about 10 Inches high, two Foot long and 2 inches 
thick. From I to F it is cut into a Channel as wide at Bottom as 
at Top, in the Form of a Semi- cycloid inverted, the loweſt Point 
being at F, from whence the Channel is continued horizontally for 
the Length of a Foot from F to G, the Walls of the Channel be- 
ing H H and II; and this Channel is very ſmooth and divided in- 
to two Channels by a thin upright Braſs Partition LL, from the 


„ 


Top between H and I to the farther End at G. Upon the Par- 


tition are marked Diviſions, which from F to G are equal, but un- 
equal from F to I, in ſuch manner as to denote equal Heights; 
H the Beginning of the Channel is ꝙ Inches above the Level of F, 
'OO are two wooden Stops for the Channels, and to be fixed in 
any Place by means of a Skrew at the End of each of them. The 
whole Inſtrument may be ſet upright and horizontal by means of 
three Skrews ſuch as C, C, and the Plummet N M. 


Two Braſs Balls, of half Inch Diameter each, are to move in 
the two Channels. 2 | 
Fix 


So” 


Lad. 


Fl. 27. F. q. 
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Fix the two Stops exactly at F, and the Braſs Balls, tho' you let them 
go from different Parts of their reſpective cycloidal - Channels, will 
ſtrike them at the ſame Time ; which will alſo be very ſenſible to 
any one who holds a Finger in each Channel at F, whilſt another 
Perſon lets the Balls run down from unequal Heights. 


Now let the Stops be ſhifted, and one of them be fixed 4 In- 
ches beyond F towards G, and the other 6 Inches beyond F; and 
let the two Balls fall at once, the one from the Height of 4 Inches, 


and the other from the Height of 9. That which falls from 4 In- 
ches in Height, will go 4 Inches beyond F; and that which falls 


from ꝙ Inches in Height will go 6 Inches beyond F, each ſtriking 
the Obſtacle in its own Channel exactly in the ſame Time as the 
other. Four and Nine are the Spaces fallen thro', whoſe Roots 2 


and 3 expreſs the reſpective Velocities of the Balls, which are ſhewn 


by one of them running 4 Inches in the horizontal Part of its Channel, 
the other runs 6 Inches in the other horizontal Channel. 


ExPERIMENT XXII. Plate 27. Fig. 9. 
AEC b is another Machine with a Cycloidal Channel, wherein 


the whole Oychid is hollowed in from B to , its loweſt Part be- 
ing at C. There is a ftreight Channel Aa moveable round the 


Point A as a Center to apply on the back-ſide of the Cycloid 


as the Machine ſtands upright, ſo that its Channel may be in the 
Plane of any Chord drawn from the Point A to any Part of the 
Cychid. Let this Trough or Channel be firſt ſet in the Line AC; 
then let one of the Balls fall from B in the cycloidal Channel, whilſt 
the other begins at the ſame Time to fall from the ſame Level in 
the ſtreight Channel, and you will obſerve, that the Ball running 
down in the Cyclsid will be a. good way beyond C, when the 
Ball running in the freight Channel is juft got to it; as may ſtill 
be made more ſenſible by fixing one of the Stops above-mentioned 
(in the Explanation of the laſt Figure) over-againſt C in the ſtreight 
Channel, and the other between C and 5 in the Cycloidal Channel. 
If the ſtreight Channel be fixed beyond the Point C as at A 2, the 
Ball in the Cyclo:d will come from B to &, and be down again at 


C, when the other is come from A in a ſtreight Line to G. 


75. WHEN a Pendulum of a proper Length to ſwing Seconds 
is applied to a Clock; there is yet another Error which it is ſubject 


to, 
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to, arifing from the Nature of the Materials. For all Metals are Le. v. 
ſubject to be dilated by the Heat and contracted by Cold; ſo that 
if the Rod of the Pendulum (that is, the Wire Whereby it hangs 

inſtead of a String) be adjuſted to its right Length in the Winter- 

Time, it will become too long in Summer by the Heat, and there- 

fore vibrate too flow ; as on the contrary, if it had been adjuſted in 
Summer, it would be ſhortened in Winter by the Cold, and by its 

' quicker Vibrations make the Clock go too faſt, The Difference of 

Length in a long Pendulum Rod will ſometimes amount to about 

the 4oth Part of an Inch, which in many Vibrations will make a con- 
ſiderable Alteration in Time. But there is a Contrivance of a Skrew | 

to raiſe or ſink the Weight of a Pendulum; fo that one may keep. 

it always to its due Length, regulating it with a Thermometer. 


The W. ay to meaſure the leaſt Alteration of Dimenſions in Metals 
fo as to make it ſenfible, T ſhall ſhew in the Notes *. _ * Ann. 11. 


76. BESIDES all this Pendulums are liable to alter the Times of 
their Vibrations on account of the Figure of the Earth, which 
is an oblate or flatted Spheroid like a Bowl, the Earth (as we have 
already mentioned) being about 31 Miles higher at the Equator ' 
than the Poles. For when we travel Southward, we ſhall find our 
long Pendulum Clocks (beſides what was allowed for the Heat) 
to go too ſlow, as Dr. Halley and ſeveral other Aſtronomers have 
obſerved, who were obliged to ſhorten the Pendulums of their 
Clocks before they could make them keep true Time. Mr. Richer, 
in order to examine this Phenomenon fully, made Obſervations on 
the Vibrations of a fimple Pendulum (that is, a Pendulum not 
applied to a Clock) for ten Months together, and found, that a Pen- 
dulum to vibrate Seconds under the Aquator muſt be about one 
oth of an Inch ſhorter than in our northern Latitude; without 
which the Clock, which it regulates, will go too flow between two 
and three Minutes in a Day. 


From theſe Obſervations on Pendulums Sir Jaac Newton 
| ſhews what the true Figure of the Earth is; tho' contrary to the 
Opinion of ſome Gentlemen of the Royal Academy of Sciences at 
Paris, who aſſert that the Earth is an oblong Spheroid (like an 
Egg) higher at the Poles than the Aquator about r of the —_ 
Diameter. TI ſhall, in the Notes, ſhew bow theſe latter come to 
be miſtaken *. Ann. 12 
| 77. WHEN. 


392 


Lect. V. 
— 


* 


Diameter increaſes with tlie centrifugal Force. 
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77. Wu we conſider what Velocity the diurnal Rotation 
of the Earth muſt give to Bodies on its Surface, eſpecially under 
the Aquator or near it, (where Bodies are carried round at the Rate 
of about 1040 Miles in an Hour) we may eaſily ſee the Neceſſi- 
ty of its being higher under the Æquator; becauſe unleſs there 
was a Deſcent towards the Poles, the Centrifugal Force would drive 
all the Waters towards the Æquatorial Regions, which would there- 
by be drowned, whilſt not only the Polar Regions, but even the tempe- 
rate Zones, would be left dry. And if the Earth was everin a fluid State, 
or its Subſtance was ſoft and yielding, the Author of Nature giv- 
ing it the diurnal Rotation that it has, it muſt from a ſpherical 
put on a ſpheroidical Figure, ſwelling under the Aquator till it 
came to have the Figure that it now has. A ſwifter Revolution 
round the Axis would ſtill make the Difference greater between 
the Equatorial and Polar Diameters. And this is obſerved in Ju- 
piter, which, by ſome nice Obſervations of that late ingenious Aſtro- 
nomer the R. Mr. Pound, appears to have its Aquatorial Diameter ,. 
longer than its Polar Diameter, agreeable to its ſwifter diurnal Re- 
volution, which is performed in about 10 Hours. 


ExPERIMENT XXIII. 


Uro an Axis of Iron, that could be made to turn ſwiftly (by 
means of the Wheel of the whirling Tables, whoſe String went 
round a Pulley fixed to the ſaid Axis) I flipped on two Iron Hoops, 
whoſe Planes interſected at right Angles, repreſenting two Colures, 
which, being of a Spring Temper, ſtood at firſt in ſuch manner as to be 
FT part longer in that Diameter that co-incides with the Axis, than 
in their Aquatorial Diameter ; this Proportion being the fame that 
Mr. Caſſini ſuppoſes to be between the Axis and Aquatorial Dia- 
meter of the Earth. Two circular Plates, to which the ſaid Hoops 
were riveted, had ſquare Holes, thro' which the Axis paſſed, ſo 


that the two Poles of the oblong Spheroid, which the Hoops de- 


ſcribe in their Revolution, might approach together in ſuch man- 
ner, asto let them put on the Form of a true Sphere, when by the 
whirling, the Æquatorial Diameter of the Machine ſwelled and 
over-powered the Elaſticity of the Hoops. A greater Degree of 
Swiftneſs turned the Sphere into an oblate Spheroid of Sir 1ſaac 
Newton's Figure: A Velocity ſtill greater makes the Diſproportion 
of the Diameters, ſuch as that of Jupiter; and ſtill the Æquatorial 


ANOTHER 
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Axorhrx Hoop with a Catch, repreſenting the Aquator, Lect. V. 
ſhews (in. the Experiment) the Increaſe of the Equatorial Cin 
cumference ; and an Index applied to the Frame, ſhews the Increaſe 


of the Diameter. 


As Goin as the Revotution of the Machine ceaſes, the Colures, 
Meridians or Hoops, return to their elliptical Figure, whoſe vertical 
longeſt Diameter is the Axis of Revolution. 


Tnosz that would know more concerning Pendulums, may 
conſult Huygens's Poſthumous Works, and Dr. John Keil's Introduc- 
tio ad veram Phyjicam at the latter End; where there are ſeveral 


Propoſitions concerning the circular Pendulum which I have not 


room to ſay any more of in this Place, having already made this 
Lecture too long; but yet I cannot put an end to it, before I have 
acquitted my ſelf of my Promiſe, to give an account of the Bow 
or Spring, ſo far as it is a Mechanical Organ. 


78. Tr1s Engine is ſo univerſally known, and the Practice of 
it ſo generally underſtood, and withal ſo natural and eaſy, that all 
Mankind, in all Ages of the World, and in every Quarter of the 
yet habitable Earth, even among the moſt rude, ignorant and 
barbarous, as well as among the moſt civil, polite, and learned, 
have been found expert and skilful in the Uſe 'thereof; and even 
in all that vaſt Tra& of Land, extending ſo far towards the 
North, and towards the South Pole, wherein ſcarce any of 
thoſe mechanical Engines which depend upon the Balance, or 
Beam, was known, namely the Leaver, the Capſtane, the Pul- 


ley, the Skrew or the Wedge, nay where the Uſe of the Roller 


and Wheel was altogether unthought of; yet even through all 
this vaſt Tract of Land, and in all the adjacent Iſlands, the Peo- 
ple were found very dexterous and ſkilful in the Uſe of the Bom, 


and knew how to convey the Arrow by means thereof ſo as to 


hit and pierce the deſigned Mark; ſo that it ſeems to be an En- 
zine moſt obvious and eaſy to be contrived by Mankind : And, yet 
after all, J do not find that any one of the Ancients or Moderns 
has reduced the Nature, Properties and Power of Springs to a cer- 
tain Theory, and Calculation; tho' divers have written much con- 
cerning it, and have made many Attempts, and Experiments about 
it; till Dr, Hooꝶe of late reduced it to a Certainty, by ſhewing, 
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Lea, V. That the Power of a Spring, of what kind ſoever, does increaſe 
| vr in the ſame Proportion with its Tenfion, whether it be by Com- 


preſſion or Condenſation, Diſtenſion or Rarefaction; ſo that if the 
Strength of one Pound, moves it one Degree out of its natural 
State, then two Pounds will move it two Degrees, and three 
Pounds move it three Degrees, and ſo on. Now this mechanical 
Organ, contrary to all others I have already ſpecified, receives all 


the Power or Motion which is impreſſed on it, and retains it till 


it be leftat liberty, or no longer any farther extended, or forced 
with greater Power; but then, inſtead of proceeding and going 
forwards in that way in which it had been moved, it recoils, and 
goes quite back again in a contrary Direction; and by Re-action 
exerts all the Power and Motion it has received upon the Bodies 
it meets with in its way as it goes back, and carries them with 


great Swiftneſs; as having received all the Power that had by 
Tenſion been impreſſed on the Bow by the Strength that bent it. 


By this means all the Strength of the Arm exerted to bend the 
Bow one way, is by the Bow ſuddenly communicated the contra- 
ry way to the Arrow, which makes it move with that Swiftneſs 
and Speed after it is diſcharged, continuing the Motion by the firſt 
Law. Now, here poſſibly may be inquired, how it comes to paſs, 
that the Bow, which in its bending, or drawing, is only moved 
by a ſlow and heavy Motion (nay, it may be, is kept ſome Time 
ſtill, and without any Motion at all) ſhould yet retain ſo great a 
Quantity of ſo ſwift a Motion or a Power of producing it, in ano- 
ther Body, tho' as to Senſe it ſeems to have no Motion at all of 
its own ; whereas all the other Organs, which produce or effect 
ſuch a powerful or rapid Motion, have that Motion ſenſibly acting 
in them, when they produce their Effect, proceeding directly for- 
ward in the ſtreight Line in which they moved before the Stroke; 
ſo there is nothing but the Continuation of the. whole acquired 
Motion, | „ | 


To which I anſwer, that tho' the phyſical Reaſon of the Pow- 
er of Springs, may not poſſibly appear ſo evident to Senſe as that 
ofa Weight lifted up and then let fall ; yet it is much of the ſame 
Nature, as it may be made plainly evident: for as in the lifting up 


of a Weight to a certain Height, and thence letting it fall, the 


Power of Gravity makes that Weight deſcend back again to the 


Place whence it was lifted, with greater Force as it is lifted high- 


er; and fo in its Deſcent enables it to exert as much Force or Power 
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one Foot high, that Force of one Pound continued, will lift it ano 
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as was ſpent in the lifting it up to ſo great a Height: So a Spring, Lect. V. 


which has a Power like Gravity, or an Activity equivalent to it 


and within itſelf, but with this Difference, that it acts any way 
as it is directed (whereas Gravity only acts downwards) ſo as in its 
Return to exert all that Force and Power, which was ſpent in 
bending it to that Tenſion ; and as the Motion of Gravity or De- 
ſcent, whatever the Velocity of Motion was that raiſed the Weight, 
carries it back to the Place whence it was raiſed, by one uniform Pro- 
greſs of Acceleration, which is peculiar-to the Power of Gravity, 
as we have ſhewn; ſo the Recoil of the Spring, with whatever 
Velocity it has been bent, unbends it ſelf by ſuch Degrees of Pow- 
er and Velocity, as are proper and peculiar to the Nature of 
Springs, which, as I mentioned before, are ſo much the more pow- 


erful, by how much the more they are bent: ſo that to make the 


Compariſon exactly to anſwer, we muſt not concieve a fingle 
Weight to be lifted up, as in the Example of Gravity, becauſe 
the Power of Reſiſtance of Gravity, in ſuch a Weight, is the ſame 
at the laſt as at the firſt, as to Senſe; for the ſame Power that lift- 
ed ſuch a Weight one Foot high, at beginning, will lift it one Foot 


higher after it has lifted it to that Height, or a third Foot after a 


ſecond : for Inſtance, if the Force of a Pound Weight will lift it 


ther Foot high, and (continued) a third Foot high. But in a Spring 
it is otherwiſe; for if the Force of one Pound be required to bend 
the Spring one Inch, then there muſt be the Force of two Pounds 
to bend it two Inches, and three Pounds to bend it three Inches. 


So that the Power of a Spring may be more properly repreſented 
by the lifting up of a Chain, or a String of Beads, or Weights 


that lie on the Ground; for in lifting up the firſt Link, or Bead, 


there is required one Pound, for inſtance, but lifting it higher 


there riſe two Links or Beads, and ſo the Force of two Pounds 


is required; and if higher, three Links or Beads riſe, and ſo on. 
Or more exactly yet, 'tis repreſented by lifting a Cylinder of 
Timber endwiſe out of the Water, which is of near the ſame ſpe- 
cifick Gravity with the Water, or forcing Water to riſe in a 
Pipe by a forcing Plug; for in theſe Caſes, as the Cylinder is raiſed 
higher above the Surface of the Water, out of which it is raiſed, 
ſo does the Gravity of it increaſe, and the Power that lifts it 
muſt increaſe in the ſame Proportion, which is exactly the ſame as 
that of the Spring; and fo either of theſe Examples becomes a 


moſt proper Inſtance to illuſtrate the Power of th: Sprinz, and the 
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Manner of its acting, and tho' the Cauſe of the Neceſlity of the 


w—— Increaſe of the Ber to move the one, be more ſenſible and intel- 


ligible than the like Neceſſity of Increaſe to bend the other; yet 

ifwe further proceed to ſhew the true Reaſon and phyſical Ex- 
plication of the Power of Gravity, we ſhall find it to be as diffi- 
cult, and as far removed from our Senſe, as the phyſical Cauſe and 
Reaſon of the Power and Increaſe thereof in the Spring ; it is 
enough therefore for Geometry to know, that the Phenomena are 


ſo, and thence to examine and den the Conſequences that 


will follow. Now the Power of Gravity in accelerating the 
Velocity or Motion of falling Bodies, as it was firſt found out, 
and diſcovered by Galilæo, ſo was the perfecting of the Theory 
thereof, as to the Motion of Deſcent of heavy Bodies in inclined 
Planes, and the Curvature of a Parabola, very far promoted by 


bim, and many curious Theories concerning it deduced, as we have 


„L. I. No. 17. 


ſhewin in this Lecture; ; and the ſame Theory has been farther im- 


roved, and carried on by Torricellius, and others alſo fince him. 


But all theſe proceed upon a Suppoſition, that the Power of Gra- 


vity in all the Points, or the Perpendiculars of Deſcent, are mathe- 


matically equal and uniform; and indeed, as to all Motions of ter- 
reſtrial heavy Bodies, they are found ſo as to Senſe; but as to ma- 
thematical Exactneſs and phyſical Theory, they are really other- 
wiſe: that is, the Perpendiculars of Deſcent are not parallel 
one to another, but converging and growing nearer together, as 
they approach nearer to the Center of the Earth; and the Power 
of Gravity in every Point of thoſe . Lines is not equal and uni- 


form, but ſtronger as it is nearer the Earth, and weaker as it is 


fartheſt off, according to a certain Proportion, which makes the 
Curve Line of a projected Body not Part of a Parabolical Line, 
as Galileo, Tobrivellins, and the reſt haye ſuppoſed ; but perhaps, 
Part of an Ellipſe, one of whoſe Fc is in the Center of the Earth. 
Notwithſtanding which, the Theories and Problems deduced geo- 
metrically from them upon ſuch Phenomena as they had then diſ- 
covered, and upon the Hypotheſis they had thereupon taken, are 
highly valuable; ; and the Deductions truly made and demonſtrated, 
which is the utmoſt Performance that can be expected from Geo- 
metry. But now theſe Things have been carried much farther by 
Sir Jaac Newton ; the Power of Gravity is determined and brought 


to a Certainty, by what Degrees it decreaſes the farther it acts from 


the central Body; by which means the true Reaſon of the Motion 


of the Celeſtial — and the Lines or Orbits in which they 
paſs, 
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paſs, and the Velocities wich which they move in their Orbits, is Lect. V. 
perfectly adjuſted, as we have fully explained, 


* 


Bur in this, the Example taken from Gravity is (as I ſaid be- 


fore) defective, for ſolving the Effect of a recoiling Spring, upon 


a Body moved by it ; for in the Spring, the farther it is bent the 
more powerful it is; but in Gravity it is the contrary. f 


Tux Effect therefore of the Power of the Spring, in this Par- 
ticular, muſt be ſought out from the Theory of the Nature of 
Springing, which is, as I but now mentioned, ſtronger and ſtron- 
ger, as it is the more bent, that is, in the ſame Proportion with 
the bending ; and conſequently (ſince Action and Re-aQtion are 
equal) the Velocity of the Body moved by it, will always be in 
the ſame Proportion with the Degree of bending, whether jt be 

longer or ſhorter, that is, the farther the Spring is bent, the quic- 
ker is the Motion of its Recoil; and the leſs it is bent, the flower. 
If it be bent one Degree, the Velocity is as One; if two De- 
grees, the Velocity is as Two; if Three, as Fhree; and ſo for any 
other Degree : And conſequently, the Velocity being always pro- 
portioned to the Space it is moved by it, the Time of the Spring's 
moving, whether a longer, or a ſhorter Space, will always 
be the ſame, or 7ſochrone, which is the ſame with the Motion 
ofa Pendulum, whoſe Weight is moved in a Cycloid, as we 


have ſhewn. 


ns 1s would lead me to explain ſeveral Things concerning Ela- 
fiicity, and the Laws of elaſtick Bodies in their Congreſs; as alſo 


the Effect of that Property in the Air for the Conveyance of 
Sounds; but theſe Things I ſhall treat of in the ſecond Volume, 


this being already ſwelled to too great a Bulk. 
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1. [3: Page 295.—the Body will go thro" the whole Diagonal by the- Afion 
| of the ſaid two Forces.] 


FF Three, Four, Five, or any Number of Forces act upon a Body at 


the ſame Time, the ſame Rule will ſerve to ſhew the Line in which 


the Body will move, which will. be the Reſult of all the Forces compound- 


pl. 28. F. 1. 


ed. As for Example, if four Forces, whoſe Quantities and Directions are 


repreſented by the Lengths and Poſitions of the Lines A B, AC, A D, 
AE, act at once upon a Body at A; firſt let us draw Ba and a C re- 
ſpectively equal and parallel to the Lines A B, and A C, and having fo 
compleated the Parallelogram A B a C, let us draw the Diagonal A a, in 


which the Body would move if only the two Forces A B and A C ated 


upon it. Now, having ſhewn, that the Body, by only one Force, whoſe 
Quantity and Direction are repreſented by the Length and Poſition of A a, 
would move juſt as it does by the Action of the two Forces A B, and 
AC; we may conſider them as only one Force A a, which comparing 
with the Force A D, we fhall have the Diagonal A 2 of the compleated 
Parallelogram'A a a D, being the Line in which the Body acted upon by 
the three Forces AB, A C, and AD will move, juſt in the ſame manner 
as if only two Forces, as Aa, and AD had acted upon it. Three 
Forces therefore being thus reduc'd to one, repreſented by A a, we may 
combine A @ with A E the fourth Force, and fo have the Diagonal A a, 
of the compleated Parallelogram A a & E, the Line in which a Body will 
move by the joint Action of four Forces. 

N. B. Which ſoever of the four Forces you begin with, the Line A à will 
always be the Diagonal ef the laſt Parallelogram. 7 _ 

In the ſame manner may be found the Reſult of the Actions of an 


Number of Forces. | 


Pl. 28; F. 2. 


the Space in which the Body moves is carried, &c.] 


[ 


When we do not attend to this, we often make very wrong Judgments 


concerning Motion and Percuſſion, miſtaking an oblique Stroke often for a 
perpendicular one, and a perpendicular for an oblique one, and draw- 
ing falſe Conſequences from Phenomena on account of thoſe Miſtakes. 
This will more evidently appear by a Scheme. (See Plate 28. Figure 2.) 


GHBAand AB DC, are two equal Squares or Parallelograms ſtanding 


3 


upon 
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upon another, and ſeparated from each other only by the Plane or Line AE; 
and there is a Body moveable upon the Line GA, from G to A. Firſt, 
let us ſuppoſe the Body to fall from G to A, in this Situation of the Paral- 
lelograms ; and the Parallelogram A BD C will receive the Blow of the 
falling Body at A, the Stroke being made in a Direction perpendicular 


to AE. Then let the Parallelogram G H B A be ſet before the other, 
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ſo that the Line G A may be directly before A C, and the Line H B 


before B D (or, to conſider it more mathematically, let thoſe Lines reſpec- 
tively co- incide) then the Body falling from G to A, will allo deſcribe the 


Line A C, perpendicular to AE. Thirdly, the Parallelograms being ſtill 
before each other, let the Body fall again along the Line G A, now before 
A C; but at the very Beginning of the Fall, let the Parallelogram GH A B 


(which has the Body) be moved horizontally in the Direction A E, ſo as 


to come into the Situation BE F D, when the falling Body has mov'd its 
Length G A ; whereby it will be got to D inſtead of C, the Parallelo- 
gram AB D C being all this while immoveable. By this means the Bo- 
dy, carried in its motion by its own Parallelogram, will have deſcribed on 


the P arallelogram AB DC, the Diagonal A D, whilſt it has deſcrib*d' 


on its own. Parallelogram only the Line G A, now repreiented by B D. 


So that a Perſon, ſuppoſed to ſtand in the Parallelogram G H B A when it 


is before ABD C, and not to be ſenfible of the Motion of the Parallelo- 
gram in which he is carried, will ſuppoſe the Motion of the Body to have 
been ab/olutely in the Line B D, perpendicular to A E, when it was only 
relatively ſo, but abſolutely in the Line A D, oblique to A E, as we have 
ſhewn in the Lecture F. Fourthly, let us ſuppoſe the Parallelogram 
GH AB, to ſtand upon the other AB DC, and to be moved horizontal- 
ly on the Line A E, whilſt the Body is falling from G to A, fo as to be in 
the Poſition HIEB, when the Body is come down to A, which is now 
transferred to B. A Perſon, who does not attend to this lateral Motion of 
the Parallelogram in which he 1s placed, will imagine the Stroke at B to 
be made in the Direction H B, perpendicular to A E; and the more ſo, 
becauſe the Force of the Stroke will be no greater than if the Body had 
mov*d in the Perpendicular H B, on account of its Obliquity. For tho“ 
by the Motion of the Parallelogram, which made the Body go in the Dia- 


gonal G B, its Velocity (conſequently its Momentum) is increaſed in the 


Ratio of GA to GB; yet the Force of the Stroke, on account of the 
Obliquity, muſt again be diminiſh*d in the Ratio of GB to GA, or of 
the Radrus to the right Sine of the Angle of Inclination, as we have ſhewn 
in the Cafe of oblique Traction.“ | po on 
' Fifthly, Let. us ſuppoſe the Parallelogram G H B A upon the other Pa- 
rallelogram AB DC, as we ſuppoſed at firſt ; but the Body to move down 
the Line H B. In that Caſe the Body will ſtrike the Parallelogram 
ABCD at B, in the Direction H B, perpendicular to A E; and if the 
85 | upper 
t Tho' we make uſe of the Word (zo fall) the Explanation the eaſier ; tho? it is equally 
ve muſt ſuppoſe the Body to come down by true, When we conſider the Motion as ac- 
an equals: not acorterated” Motion, 9 / ²˙ Q 
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Annotat. upper Parallelogram be ſet before the lower one, the Line B D and HB 


V. 
„ 
"PL. 2b. F. . 


will be deſcribed at the ſame Time by a Motion of the Body perpendicu- 


lar to A E. 


Sixthly, Let the Parallelogram G H B A he fix*d hefore the Parallelo- 
gram AB D C, which we will ſuppoſe to move behind it whilſt the Bo- 
dy goes down from H to B, which Points are now in the Poſition of B 
and D; ſo that the Body may be come down its whole Fall to D, 
when the Parallelogram A B DC 1s come to the Poſition BE F D; the 
Point D being come to F, and the Point C to D, where it meets the Bo- 
dy, inſtead of the Point D, to which the Body came before. In this Caſe, 


a Man at B, carried along in the Parallelogram AB D C, if he was not ſen- 


ſible of his own Motion, would imagine the Body to have really deſcrib'd 


the Diagonal E D oblique to A E, which was only relativehy deſcrib'd; for 


the Body abſolutely deſcrib'd no other Line, but B D perpendicular to AE. 
For when the Parallelogram A B D C, is come into the Poſition 2 þ Ac, the 
Body will have deſcended from B to 1, which is a Point common to the 
Diagonal 5 c, and the perpendicular Line of Deſcent B D, and conſe- 
quently ſeem to have deſcrib'd 5 1, when it has only deſcribed B f: then, 
when the moving Parallelogram is come into the Poſition « gd, the Body 


will be at the Point 2, common to the Diagonal g , and the Line of De- 


ſcent B D, ſeeming to have deſcribed 3 2, when it has only deſcribed B 2: 
and when the Parallelogram A B D C is come to the Poſition BE F D, a 


Perſon carried in it, and not ſenſible of his own Motion, will imagine the 


Body to have deſcrib'd the whole Diagonal E D oblique to A E, when 
it has really deſcrib'd the Line B D perpendicular to AE. 

Laſtly, let us ſuppoſe the Parallelogram G H B A immoveable upon 
ABDC, which laſt is to move horizontally the Length B E, whilſt 
the Body falls from H to B. In this Caſe, the Stroke will be received by 
the Parallelogram A B D C, at the Point A, inſtead of B, the Point A be- 


ing now come tothe Place of B, juſt as the Body comes to it. The Stroke 


will alſo ſeem oblique as if it had come in the Diagonal I B, and the more 
ſo, becauſe its Force will be leſs than if the Stroke had been made at the 


Point B, of the moving Parallelogram, in the Ratio of IB, to HB; that 


is, of the Radius to the right Sine of the Angle in which the Parallelo 
gram A BD C by its lateral Motion receives the Stroke. | 


N. B. The Difference betwixt this Caſe and the 4th is this: That tho? 


the Obliquity of IB is the ſame as that of G B, yet the Force of the 


Stroke is greater in that Caſe than in this. For in that, the lateral Mo- 
tion of the Parallelogram, that carries the Body, is a ſecond Force added, 
the Combination of which Forces do really carry the Body in the Diago- 
nal and increaſe its Momentum, whoſe Effect is only diminiſhed.on account 
of the Obliquity of .the Angle G B A : but in this laft Caſe, the Body de- 
ſcribing no more than the Perpendicular H B, has no Increaſe of Momen- 


tum, the lateral Motion of the Parallelogram ABD C adding no Force 
to the Body, but on the contrary leſſening the Effect of its Force by re- 
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ceiving the Stroke of it obliquely, and that in the Proportion of I B to Annotat. 


7 


v 
Fs N 7 4 88 1 - Suh 
. ͤ K 8 . --- 
- wah ” f : 
2 tn. * 2 * A 
3. Pp - * + AG -- = 
* 1 


rr E - Ae EIT, Pkg 
. S 

* RI S 
— 7 Sa, IT 


H B. | . 

If the Parallelogram A B D C had mov'd flower ; as for Example, if ix 
had only been in the Poſition a ; d c, when the Body had run down its Pl. 28. F. 2. 
whole Length HB, it would have receiv'd the Stroke on its Point « 
now at B, and the Obliquity would have appear'd leſs, the Direction of 
the Motion ſeeming now to be in the Line K B, which alſo would have | 
taken away leſs from the Force of the Stroke; But if A BD C had mov'd 5 en 
ſwifter than we firſt ſuppos'd ; then the Obliquity of Motion would have -| 
ſeem'd greater in proportion to the Obliquity-of the Stroke, whoſe Force 1 
would have been more diminiſh'd. | | : 

Many are the Uſes of the Truth which we have been explaining, not 
only in Mechanicks, but all mix'd Mathematicks. I'll give one Inſtance 
of it in Opticks, by ſhewing how the annual Motion of the Earth about 
the Sun is a certain Conſequence of ſome Obſervations on the fix*d Stars, 
made by that curious and accurate Aſtronomer the Rev. Mr. James Brad- 

ley, Savilian Profeſſor of Aſtronomy in the Univerſity of Oxford. Thoſe 
that underſtand Aſtronomy and ſpherical Trigonometry, may read his 1 
own Account of his Obſervations, and the Conſequences he draws from "4 
them, in the Philoſophical Tranſactions, No. 406. But as the Principles ki 
hitherto explain'd in this firſt Volume of my Courſe, do not qualify the Rea- 4 
der for underſtanding Mr. Bradley's Account; I ſhall juſt explain ſo much | -— = 
of it as will ſhew the Application of what we have ſaid of oblique Mo- 

tion, and at the fame time put that important Diſcovery of the Motion of | | 
the Earth out of doubt. | | | | . 

It is proper, in order to be the better underſtood, that I ſhould make — I 

a Digreſſion here, concerning the Opinions of Philoſophers about the Mo- ; "_ 
tion or Stability of the Earth, and the Methods which have been uſed | 1 
for the ſettling that Point. | | 5 | | 

Tho? the firſt Notion, that the earlieſt Obſervers of the Heavenly Mo- 

tions, after diſcovering the Roundneſs of the Earth, muſt (in all probabili- 
ty) have, 1s, that the Sky with the Sun, Moon, and Stars, turn round the 
Earth, as a fix'd Center; yet ſome Philoſophers very.carly taught, that 
the Sun was in the Center of the Syſtem, and that the Earth and all the 
| Planets revolv'd about the Sun; as Pythagoras, Philolaus and others. But 
Ptolemy and his Followers maintain'd the different Opinion, which agrees 
with the common Notion of the Vulgar, who imagine the Earth a vaſt 
Body in compariſon with the Sun and Planets, and immoveable, as their Sen- 
ſes ſeem to inform them. But as Aſtronomers came to obſerve the Mo- 
tions of the Planets, whoſe apparent Irregularity could not be accounted 
for, upon the Suppolition of the Stability of the Earth, and the Sun was 
diſcover'd to be vaſtly bigger than the Earth; likewiſe that the Diurnal 
Motion of the Earth about its Axis, would ſolve all the Phenomena of 
Day and Night, and all the other Motions aſcrib'd to the primum Mobile, 
as the annual Motion ſolves all the Phenomena of the Seaſons, and clears 
up all the Difficulties relating to the Stations and Retrogradations of the 
Os $- . Planets; 
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Planets z moſt People receive the Opinion of the Earth's Motion reviv'd by 


C-pernicus, as the moſt reaſonable Suppoſition ; but ſtill without a Demon. 


ſtradion, this could be but a Suppoſition ; tho? the Uſe of Teleſcopes, inven- 


ted in our latter Ages, very much increaſed the Probability of the Copernican 
Hypo. hefas, by ſhewing by the Phaſes of Mercury and Venus, that they muſt 
indubitably move about the Sun, and not the Earth. Philoſophers therefore 
ende avour'd to make fuch Obſervations as might give a Demonſtration one 
way or other; and this was chiefly aim'd at, by endeavouring to find an 
annual Parallax in the fix*d Stars; the Manner of which will be eaſily 


underſtood by the 3d Figure of Plate 28. | 
E Oe repreſents the Orbit of the Earth, whoſe longeſt Diameter is 


Ee, S a fix'd Star, which an Obſerver at E ſees by the viſual Ray S E, 
which is at right Angles with the Diameter Ee, and with the Plane of 
the Ecliptick E O e. Let us ſuppoſe this Obſervation to be made in June; 


then half a Year after, when the Earth and Obſerver are gone from E. 


to e, at the Diſtance Ee from the Point E, where the viſual Ray SE is 
perpendicular, if the ſame Star be again obſerv'd, it will no more be ſeen 
by a perpendicular Ray as e, but by the oblique Ray S e, the Angle 
from the Perpendicular being S es, which is equal to E Se, the Angle 
under which the Diameter of the Earth's Orbit would be ſeen if the Ob- 
ſerver was at the Star S; and this is called the parallactick Angle. It is 
evident, that if the Star was as far again from the Earth, as at L in- 
ſtead of S, the Star would be ſeen by the Ray Le, and the parallactick 
Angle would be as little again ; and therefore, that the farther the Star 


is in proportion to the Diameter E e, the leſs will the parallactick Angle 


be : So that if the Star be at an immenſe Diſtance from the Earth, the 


Diameter E e ſeen from the Star (that is, in reſpe& to the Diſtance of | 


the Star) is but a Point; therefore the parallactick Angle vaniſhes. Now 
the Fact is really ſo ; for when the Earth is come to e, the Star being at 
an immenſe Diſtance, is ſeen by the Ray se; which, tho* it makes an 
Angle with the Ray S E, yet as to Senſe it ſeems parallel to it. This 
has made the Ptolemaicks triumph in their Opinion, and ſay — that the 
Orbit E Oe is only imaginary, and that the Earth never ſtirs from the 
Place E ; becauſe the Star appears always in the fame Place, the right 
Angle which S E makes with the Plane of the Ecliptick (deſcrib'd by 
the Sun, and not the Earth) never changing. The Copernicans have always 
anſwer'd, that the want of Inſtruments ſufficiently exact has been the 
Reaſon, that the Angle of the Parallax could not be obſerv'd, and accor- 
dingly have endeavour'd to fix the moſt accurate Inſtruments in the beſt 
manner for that Purpoſe, Mr. Flamſtead fix*d an Arc of a Circle to a 
Wall, in order to obſerve a Parallax in the Pole Star, which he thought 
to be of 40 or 45 Seconds ; but that Obſervation could not be depended 
upon, becauſe it is not probable, that the Wall, to which he fix*d his In- 
'firument, ſhould remain exactly in the ſame Poſition in all its Parts, from 
one Solſtice to the other. Dr. Hook pretended to have found a ſenſible 
Parallax in the fix'd Stars, obſerving it in the bright Star in the __ of 

| | raco, 
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Draco, by a better Method, not depending upon a fix'd Inſtrument ; but Annotat. 
with a Teleſcope of 36 Foot, which could eaſily be rectified for that Lect. V. 


Purpoſe ; but his Obſervations, which had been look'd upon as very ac- 
curate, were erroneous, as has appear'd by Mr. Bradley's, which we are 
going to mention. Sir 1/aac Newton was the firſt that demonſtrated the 
Motion of the Earth; but he did it from the Laws of Gravity, and not 
from aſtronomical Obſervations, He was very cautious of giving Credit 
to ſuch Obſervations as others deduc'd the Parallax of the fix d Stars 
from; and when Mr. Fohbn Rowley had ground an Object-Glaſs to fix in 
one of the Towers of St. Paul's Church, at the Top of the Newel of 
the Stair-Caſe, which would ſerve as a very long Teleſcope to obſerve the 
Stars near the Zenith, in order to determine their Parallax, he forbad 
the Glaſs to be put up, leſt Concluſions ſhould be drawn in ſo material a 
Point from precarious Obſervations, looking upon them to be ſuch ; be- 
_ cauſe the Building might in ſettling alter the Situation of this Teleſco- 
pick Tower. Another way is mention'd by Dr. Gregory in the gth 
Section of the 3d Book of his Aſtronomy, which is this: Suppoſe the two 
Stars Sand E*® to be in a Line, ſo that an Obſerver in the ſame Line at E, 
miſtakes them for one Star S; it is certain, that if the Obſerver be re- 
mov*d to e, or any ſenſible Diſtance from E, the Star will appear double, 
becauſe now the two muſt ſubtend the Angle S e S; and ſuch an Obſerva- 
tion does not depend upon the fixing of an Inſtrument to an immoveable 
Point, or much Apparatus ; a Teleſcope arm*d with a Micrometer, being 
ſufficient for that Purpoſe. There was Hope of making an advantage of ſuch 
an Obſervation, becauſe Mr. Caſſini had obſerv*d ſeveral Stars appearing 
double or triple at one time, and ſingle at another; as the firſt of Mies, 
that in the Head of the firſt of the Gemini, that in Orion's Sword, and 
ſome of the Pleiades : but upon further Examination they did not appear 
ſingle and double at fix Month's Diſtance, and in a manner agreeable to 
what muſt be expected from the Parallax z but the Phenomenon of the 
Stars appearing ſingle or double, was owing to ſome other Cauſe: And 
the Diſtance of the fix*d Stars is ſo very great, that even the Removal of 
the Earth from its Place 160 Millions of Miles, is not able to make us 
diſcover Stars that are behind one another. | 
As a great many learned Men did not underſtand Sir Jaac Newton's 
Principia, and therefore did not acquieſce in his Proof of the Earth's Mo- 
tion deduc'd from the Laws of Gravity; and thoſe that did underſtand 
his Book, were yet willing to have a collateral Proof from aſtronomical 
Odvſervations ; ſeveral Perſons have ſince attempted to obſerve a Parallax 
in the fix'd Stars: and in the Year 1725, the late honourable Samuel Mo- 
Hneux Eſq ; with an Inſtrument, made and contriv*d by that curious 


Member of the R-yal Society, Mr. George Graham, (fo much more exact 


than Dr. Ilooł's, that without it we ſhould {till remain in great Uncertain- 
ty as to the Parallax of the fix*d Stars) began to obſerve the bright Star 
in the Head of Draco (mark'd y by Bayer) as it paſs'd near the Ze- 
nith. Mr. Bradley alſo obſerv'd it along with him; and from many Obſer- 
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vations made with great Care, it appear'd, that the Star was more nor- 
therly 39 Seconds of a Degree in September than in March, juſt the contrary 
way to what it ought to be from the annual Parallax of the fix*d Stars: 
Thatis, the Obſervers, who in September ſaw the Star at S in the Line E 8, 
did in the March following, inſtead of ſeeing it at S in the Line e 8, ſee 
it at e in the Line es. This ſtrange Appearance puzzled the Obſer- 
vers, and Mr. Molyneux died before the Cauſe of it was diſcover'd. Mr, 
Bradley with another Inſtrument of the ſame kind, made alſo by Mr. Gra- 
ham, oblſerv'd the fame Appearances, not only in that, but ſeveral other 
Stars; and being by many Trials fully ſatisfied, that the Phenomenon was 


not owing to any Error in the Inftrument, he confider'd what might be 


the Cauſe ; and found that it was really owing to the Motion of the 
Earth, and the progreſſive Motion of Light. So that now the Motion of 


Sie Earth is ſettled by aſtronomical Obſervation. This Diſcovery, of ſo 


Pl. 23. F. 4. 


great Conſequence to Aſtronomy, which has been attempted in vain for 
many Ages, and at laft made in the Year 1728, is yet mention'd no- 
where, that I know of, but in the Philoſophical Tranſa#tions, in a Letter 
to Dr. Halley, from the Diſcoverer, whoſe Modeſty is equal to his great 
Sxill in Aſtronomy. Had this been found out by ſome Foreigners, we 
ſhould have had whole Volumes written about it in a pompous ; Manner, 
before this Time. It is ſurpriſing, that in the time of five Years, ſince 
the Publication of it, none of the learned Gentlemen abroad have taken 
any notice of it, either to object againſt, or acquieſce in it. 

This ſhews us, that the Parallax of the fix'd Stars is much ſmaller, 
than has been hitherto ſuppos'd by thoſe, who have pretended to deduce 
it from their Obſervations; for inſtead of many Seconds, it does not a- 
mount to one. Hence follows, that the above-mention'd Star in Draco's 
Head, is above 400,000 times farther from us than the Sun; that Light 
moves as far from the Sun to the Earth in 8 Minutes and 13 Seconds, 
and that the Motion of the Earth in its annual Orbit, is flower than 
that of Light 10,210 times; tho' the Earth moves at the rate of about 
£6,000 Miles in an Hour. 

Tho? Mr. Bradley's Letter is very clear to Aſtronomers, yet for the 
fake of thoſe, who have but a ſuperficial Knowledge of the Celeſtial Sci- 
ence, I will (according to my Promiſe) endeavour to ſhew in the plaineſt 
Manner, how the progreſſive Motion of Light, compar'd with the Mo- 
tion of the Earth, makes a Star (which, after having been obſerv'd in the 
Zenith, is left behind by the Motion of the Earth) to appear, as if it 
had mov'd forward, contrary to what we might — 


Plate 28. Fig. 4. 


Let us pee a Star to be at 8, from which Lights is propagated every 
way in right Lines; but we will here conſider only two of thoſe 
Rays or Lines , viz. SE and Se. Ee is a Line, in which the, Obſerver, 
together with the Earth, is carried in the annual Orbit ; which Motion 
(to 
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(to make our Explanation the eaſier) we will ſuppoſe rectilinear; and al. Annotat. 
ſo conſider the Motion of Light to be only 6 times ſwifter than the Mo- Lect. V. 


tion of the Earth; ſo that a Particle of Light ſhall go through the Line 
A E or S e, in the ſame time that the Earth goes through the Line E e. 
It will then follow, that whilſt a Particle of Light goes through any 
Part of the LineSe, as S 1, 1 2, 2 3 Cc. the Earth will go through a 
correſpondent Part of the Line Ee, as E, fg, gh, &c. Now it the 
Earth was at Reſt at E or e, an Obſerver from it would ſee the Star in 
the Line ES, or S e, by means of the Particle of Light which ſhould 
come from S to E, or from S toe; but he would never ſee the Star in 
the Line e, as if it was at . But if we ſuppoſe the Earth ſetting out 
from E to move in the Line E e, at the ſame time that two Particles of Light 
fet out from the Star S, the one to move in the Line S E, and the other in 
the Line Se; * it will follow, that the Earth will have left the Point E, 
before the Particle of Light coming in the Line S E can be arriv'd at the 
Obſerver's Eye, which will be at e, when the above-mention*d Particle 
of Light is at E; but then the other Particle, which came in the Line 
Se, will come to the Obſerver's Eye, juſt as the Earth comes to e, and 
ſtrike it in the Direction 3e, as if the ſaid Particle had come from 5; be- 
cauſe, tho? it really comes in the Line S e, perpendicular to E e, the 
Motion of the Obſerver in the Line Ee, makes him receive a perpendi- 
cular Stroke, as if it really was oblique ; as we have ſhewn in the laſt 
Caſe of Fig 2. (Page 400.) For if we ſuppoſe the Parallelogram A SeE 
with the Earth at the Angle E, to move laterally in the Direction E e, 
whilſt the Particle of Light coming from the Star, moves in the Line 
S e, with ſuch a Velocity as to go through S 1, whilſt the Earth goes 
through E f; 1 2, whilſt the Earth goes through fg; 2 3, whilſt the 
Earth goes through gh; 3 4, whilſt the Earth goes. through h i; 4 5, whilſt 
the Earth goes through i &; and laſtly, 5 6, whilſt the Earth goes through 
k e, or what is the fame, to have 6 times the Velocity of the Earth; 
then the Diagonal S E being carried laterally, when the Particle of Light 
is come to 1, and the Earth (carrying the Parallelogram ASeE) to f, 
the Point à in the Diagonal will co-incide with the Point 1, in the Ray 
S e, or Line of Motion of the Particle of Light, which by that means 
will ſeem to have mov'd in the Line S4; when the Earth is at g, & in 
the Diagonal, will co-incide with 2 in the Perpendicular, and the Particle 
ſeem to have deſcrib*d a4 ; when the Earth is at B, c will co-incide with 
33 when the Earth is atz, d will co-incide with (or be brought to) 4 ; 
when the Earth is come to &, d will co-incide with 3; and laitly, when 
the Earth is ate, E co-incides with 6, and the Particle of Light ſeems to 
have deſcribed the Ray or Diagonal S E, which muſt be now transfer*d 
to its Parallel s e, becauſe the Earth is now remov*d to e. So that the Star 
which becomes viſible to the Obſerver by the Line or Ray S e, does (on 
account of his Motion in the Line Ee) appear to him to come in the 


* Becauſe of the immenſe Diſtance of the Star, we muſt conſider the Line S E, as equal to S e. 
| | Line 
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Line 5 ez whereas if the Obſerver's Place had been immoveable, he muſt 
have ſeen the Star at S, and not ats. If then the Obſerver, as the 
Earth carries him along, looks through a Teleſcope, whoſe Axis makes 
the Angle SE e with the Line of the Obſerver's Motion Ee, when he 
comes to e, he will ſee the Star at 5s, which he could not do, if his Te- 
leſcope was directed in the Line E A or eS perpendicular to E e. 


N. B. Since the Line Seis really 10210 times longer than the Line E e, 
becauſe Light moves ſo many times faſter than the Earth, how ſmall 
muſt the Angle AES(=Ses) be? And how nice the Inſtrument to 
obſerve ſuch an Angle? Zet we find by repeated Trials, that the In- 
ftrument dees perform it; which ſhews Mr. Graham's great Accuracy, 
which will be remember*'d as long as Mr. Bradley's great Sagacity in 
drawing the Conſequence. | 


2. [7. Page 317. Thoſe Parts of the Vortex, which are neareſt to the 


| Sun, will move faſteſt, &c. —— The Squares of the Periodical Times, &c. 


are as the Cubes of their Diſtances, &c.] Sir Iſaac Newton has in the gth 
Section of the ſecond Book of his Principia, conſider'd all poſſible Caſes 
of Vortices, of which I have only taken that, which is mentioned in the 
11th Corollary of Prop. 52, as the moſt obvious. I refer the Curious to 
that Section, which would be too long to inſert here at full length; but 
the latter part of it (viz. the 53d Propoſition, which is applied to the Car- 
ztefian Hypotheſis to ſhew its Inconſiſtency, making it appear, that it is 
impoſſible for the Planets to move in Yortices) I thought proper to tranſ- 
cribe here; as well as part of his general Scho/;um, at the End of his 
Book, which is to the ſame purpoſe. 5 


PRO PH OSIT ION 534, of Sir Iſaac Newton's Principia, BOOK 24d. 


Bodies carried about in a Vortex, and returning in the ſame Orb, are of 
the ſame Denſity with the Vortex, and are moved according to the ſame 
Law with the Parts of the Vortex, as to Velocity and Direction of Mo- 
tion. | 


For if any ſmall Part of the Vortex, whoſe Particles, or phyſical Points, 
preſerve a given Situation among each other, be ſuppos'd to be congeal'd; 
this Particle will move according to the ſame Law as before, ſince no 
Change is made cither in its Denſity, Vis inſita, or Figure. And again, 
if a congealed or ſolid Part of the Vortex be of the ſame Denſity with 
the reſt. of the Vortex, and be reſolv'd into a Fluid, this will move accor- 
ding to the ſame Law as before; except in ſo far as its Particles now be- 
come fluid may be moved among themſelves. Neglect therefore the Mo- 
tion of the Particles among themſelves, as not at all concerning the pro- 
greſſive Motion of the whole, and the Motion of the whole will be the 
ſame as before. But this Motion will be the ſame with the Motion of 
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other Parts of the Vortex at equal Diſtances from the Center; becauſe the Annotat. 


Solid, now reſolv'd into a Fluid, is become perfectly like to the other 


Parts of the Vertex. Therefore a Solid, if it be of the ſame Denſity wit 


the Matter of the Vortex, will move with the ſame Motion as the Parts 
thereof, being relatively at Reſt in the Matter that ſurrounds it. If it be 
more denſe, it will endeavour more than before to recede from the Cen- 
ter; and therefore overcoming that Force of the Vortex, by which being, 
as it were, kept in Aquilibrio, it was retain'd in its Orbit, it will recede 
from the Center, and in its Revolution deſcribe a Spiral, returning no lon- 
ger in the ſame Orbit. And by the ſame Argument, if it be more rare, 
it will approach to the Center. Therefore it can never continually go 
round into the ſame Orbit, unleſs it be of the ſame Denſity with the Fluid. 
But we have ſhewn in that Cafe, that it would revolve, according to the 
ſame Law, with thoſe Parts of the Fluid, that are at the ſame or _ 
Diſtances from the Center of the Vortex. | 


Cor. 1. Therefore, a Solid revolting i ina Vortex, and continually going 
round in the ſame Orbit, is relatively quieſcent in the Fluid, that car- 
ries it. 


Cor. 2. And, if the Vortex be of an uniform Denſity, the ſame Body 
may revolve at any Diſtance from the Center of the Vortex. 


Sc E OLE TUN 


Hence it is manifeſt, that the Planets are not carried round in corpo- 
real Vortices. For, according to the Copernican Hypotheſis, the Planets go- 
ing round the Sun, revolve in Ellipſes, having the Sun in their common 
Focus; and by Radii drawn to the Sun, deſcribe Areas proportional to the 
Times. But now the Parts of a Yortex can never revolve with ſuch a 
Motion. Let A D, BE, C F, (“ PI. 28. Fig. g.) repreſent three Orbits de- 
ſcribed about the Sun 8, of which, let the utmoſt Circle C F be con- 
centric to the Sun; and let the Apbelia of the two innermoſt be A, B; 
and their Peribelia be D, E; therefore a Body revolving in the Orb C P, 
deſcribing by a Radius drawn to the Sun, Areas proportional to the Times, 
will move with an uniform Motion. And, according to the Laws of Aſtro- 
nomy, the Body revolving in the Orb B E, will move ſlower in its Aphelion 
B, and ſwifter in its Peribelion E; whereas, according to the Laws of Mecha- 
nicks, the Matter of the Vortex ought to move more ſwiftly in the narrow 
Space between A and C, than in the wide Space between D and F, that 
is, more ſwiftly in the Aphelion, than in the Peribelion. Now theſe two 
Concluſions contradict each other. So at the beginning of the Sign of 
Virgo, where the Aphelion of Mars is at preſent, the Diſtance between the 
Orbits of Mars and Venus, is to the Diſtance between the ſa:ne Orbits at 
the beginning of the Sign of Piſces, as about 3 to 2; and therefore the 


Matter of the Vortex between thoſe Orbits ought to be ſwifter at the be- 
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ginning of Piſces, than at the beginning of Virgo, in the Ratio of 3 to 2. 


For the narrower the Space is, through which the ſame Quantity of 
Matter paſſes in the ſame Time of one Revolution, the greater will be 
the Velocity with which it paſſes through it. Therefore, if the Earth be- 
ing relatively at Reſt in this celeſtial Matter, ſhould be carried round by 
it, and revolve together with it about the Sun, the Velocity of the Earth, 
at the Beginning of Piſces, would be to its Velocity at the Beginning of 


Virgo in a ſeſguialteral Ratio. Therefore the Sun's apparent diurnal Mo- 


tion at the Beginning of Virgo, ought to be above 70 Minutes; and at 
the Beginning of Piſces leſs than 48 Minutes. Whereas, on the contrary, 
that apparent Motion of the Sun is really greater at the Beginning of Piſces, 
than at the Beginning of Virgo, as Experience teſtifies: and therefore the 
Earth is ſwifter at the Beginning of Virgo than at the Beginning of Piſces. 


So that the Hypotheſis of Yortices, is utterly irreconcileable with Aſtrono- 


mical Phenomena, and rather ſerves to perplex than explain the heavenly 


Motions. | 


BENERAL SCHOLIUM 


The Hypotheſis of Vortices is preſs'd with many Difficulties, that eve- 
ry Planct by a Radius drawn to the Sun, may deſcribe Areas proportio- 
nal to the times of Deſcription, the periodick Times of the ſeveral Parts 
of the Vortices ſhould obſerve the duplicate Proportion of their Diſtances 
from the Sun, But that the periodick Times of the Planets may obtain 
the ſeſquiplicate Proportion of their Diſtances from the Sun, the periodick 
Times of the Parts of the Vortex ought to be in the ſeſquiplicate Propor- 
tion of their Diſtances. That the ſmaller Yori/ices may maintain their 
lefſer Revolutions about Saturn, Fupiter, and other Planets, and ſwim 
quietly and undiſturb'd in the greater Vortex of the Sun, the periodick 
Times of the Parts of the Sun's Vortex ſhould be equal. But the Rota- 


tion of the Sun and Planets about their Axes, which ought to correſpond 


with the Motions of their Vortices, recede far from all theſe Propor- 
tions. The Motions of the Comets are exceeding regular, and go- 
vern'd by the fame Laws with the Motions of the Planets, and can by 
no means be accounted for by the Hypotheſis of Vortices. For Comets 
are carried with very excentric Motions through all Parts of the Hea- 


vens indifferently, with a Freedom that is incompatible with the Notion 


l. 24. F. 11. 


of a Vortex. 


3. [9. Page 323. There are many more Experiments relating to central 
Forces, &c. For the ſake of the Curious we ſhall mention a few more in 
the Notes.) To ſhew experimentally how a Planet accelerates its Motion as 
it approaches to the Sun, and retards, as it recedes from the Sun ; fix 
the whirling Table (in the Condition repreſented by the 11th Figure of 
Plate 24.) to its Frame, that it may be eaſily turn'd round in its hori- 
zontal Situation, Then take off the Square, or rectangular Piece S 5s, and 
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faſten it to the Table at the Place Mn, by means of a Screw in the 
under Edge of it, which goes through the Table, and is fix*d by a Nut 


under the Table. Having ſo done, inſtead of the two Balls T, M, take 
one of them as M, and having plac'd it within an Inch of the ſhore Part pl. 24. F. 11. 
of the Square at M, paſs its String through one of the Side-Holes of 


O 


the Center-Piece C, and ſo up through the middle- Hole: then having tied 
a little Wire wv croſs the String, ſo that when the centrifugal Force acts 


upon M (while the Table turns round) the Wire may hinder the Ball 


ſtriking againſt the End of Mm; let the Table be whirl'd about in the 


Direction of the Dart, whilſt the Hand is holding the other End of the 


String looſely at x, and the Ball will preſs on the Square V vat M. Pull 


the String a little, to make the Ball approach nearer to the Center, and 


you will ſee and hear it ſtrike on the other Side at , which ſhews its Motion 
to be accelerated; but if then (the Table ſtill going round with the ſame 
Velocity) you ſlack your Hand, the Ball in receding from the Center will 
ſtrike againſt M, which ſhews it to be retarded, becauſe it moves ſlower than 


the Parts of the Table under it, as it mov*d faſter than the Table in the | 


other Caſe. | 
The Concluſion from the 15th Experiment (viz. that in the ſame Or- 


fo 


Annotar. 
Lect. V. | f 


bit the centrifugal Force is as the Square of the Velocity) would follow from 


any other Variation of the Periodical Times; as for Example, if the String 
of the Pulley H * be put on the Groove of 3 Inches, and that of the Pulley 


K on the Groove of 2 Inches, each Planet being of equal Weight, and at 
the ſame Diſtance from the Center; the ſwifteſt Planet P will (in its 
Tower) raiſe a Weight of 2 + Pounds, whilſt the ſloweſt p raiſes only x 
Pound; which Weights are to one another as 9 and 4; that is, as the Squares 
of the periodical Times 2 and 3 reciprocally, or the Squares of the Velo- 


cities directly. 


In a word, let the Central Forces differ in any manner whatſoever, one 
may compare them together by the Help of what has been already ex- 
plained; for they are always in a Ratio compounded of the Ratio of the 
Quantity of Matter in the revolving Bodies, of the Ratio of the Diſtances 
from the Center, and laſily of #he inverſe Ratio of ibe Squares of the pe- 
riodical Times, And the Compariſon is thus made: Multiply the Quan- 
tity of Matter in each Body by its Diſtance from the Center, and divide 


PL ac-F. x. 


the Product by the Square of the periodical Time, and the Quotients 


of the Diviſions will be in the ſaid compound Ratio, that is, as the central 
Forces, 


EXPERIMENT, Plate 25. Fig, I. 


Let the Wheel: ſtring be on the 2 Inch Groove of the Pulley K, and Pl. 25. F. 1. 
the 3 Inch Groove of the Pulley H, which will make the periodical Times 
of the Planets P and p be to one another as 2 to 3; by the Addition of 
4 Ounces to the Weight- bearing Piece in the Tower S, the whole Weight 
will be of 6 Ounces, and let the Planet P be of 2 Ounces, and at 8 Inches 

Vo t. k 1 from 
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from the Center. The Planet p muſt be of 4 Ounces and 12 Inches from 


the Center, and the Weight that draws it in the Tower , muſt be of 
gd Ounces. Turn the Wheel, and both Weights will rife at the fame 
IT 25. 3. 1. moment. | Hae: | | 


Multiply 2 (the Weight of the Planet P) by 8 in Diſtance, and the 
Product is 16, which being divided by 4 (the Square of its periodical 


Time) gives 4 for the Quotient, (for 2 x 8=16, and 4.) Then 
multiply 4 (the Weight of the Planet p) by its Diſtance 12, and the 


Product 48 being divided by 9 (the Square of the periodical Time of p) 
you will have 5 + (for 4 x 12=48, and / =; +.) Now theſe Numbers 
4 and 5 3 are to one another as 12 and 16, or as 6 and 8, which are the 
Weights in the Towers that expreſs the Quantities of the Central 
Forces. | | | 

Whenever the Quantities of Matter are equal, you need only divide the 
Diſtances by the Squares of the periodical Times to determine the Proportion 
of the Central Forces to one another. | 

And in that Caſe, if tbe Squares of the pericdical Times are to one another, 


as the Cubes of the Diſtances, the Yuotients of the Diviſions will be in an 


inverſe Ratio of the Squares of the Diſtances ; and you will find the central 
Forces to be in the ſame Ratio: which is the Caſe of the Planets and Comets 
in the Heavens. Sv ns 


This may be very well illuſtrated. by the following 
ExXPERIMEN T. Pl. 25. Ag. 1. 


Let the Wheel- ſtring go over the 3 Inch Groove of the Pulley K, and 
the 6 Inch Groove of the Pulley , to make the periodick Time of the Pla- 
net P be 3, while that of p is 6. Let P and p be of four Ounces each, P 
being 5 Inches from the Center, and p at the Diſtance of 8 Inches from 


the Center. Then if P is faſten'd to 10 Ounces in its Tower S, and pto 4 


Ounces in its Tower s, both Weights will rife at once when the Wheel is. 
turn'd about. 2 | „ 

The central Forces are here as 4 to 10, and the inverſe Ratio of the 
Squares of the Diſtances is the Ratio of 25 to 64 (which laſt Number 


ſhould ſtrictly be 62 2, and may be ſo if the Diſtance from the Center be 


made the ſquare Root of 62 2, but we chooſe 8 Inches to avoid Fractions} 
near enough. for an Experiment. The Squares of the periodical Times 
are 9 and 36, which alſo agree near enough with the Cubes of the Di- 


ſtances, viz. 125 and 512; for 512 would become only 500, the exact 


Ratio wanted, or much- nearer, if the Diſtance from the Center had been 
the ſquare Root of 62 2, as we ſaid before. 


4. [16. Page 338. Others, &c. alledge, that the Momentum 1s not as: 
the Predutt of the Maſs by the Velocity of the moving Body, but as the Maſs. 
multiplied into the Square of the Kelacity. | | h 
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[24. Page 346. The Weight, &c. multiply it by the Velocity, it will Annotat. 
V. 
Till within theſe few Years, all Mathematicians and Philoſophers agreed. 


give us the Momentum, &c. 


in the Opinion, that the Momentum, or moving Forces of Bodies, is made 
up ofthe Maſs, or Quantity of Matter, multiplied into the Velocity, as 
we have explain'd in the 2d Lecture. Monſ. Leibniz (if Iam rightly 


411 


L. 2. No. 
2, 3, &c. 


inform'd) was the firſt that rejected the old Opinion, affirming, that the * 45. 


Force of Bodies in motion, was made up of the Maſs multiplied by the 
Square of the Velocity, applying it to the Fall of Bodies, and ſaying, 
that the Stroke made by falling Bodies was always proportionable to the 
Heights from which they fell, which Heights are + as the Squares of the 
Velocities. But his Error lay, in not conlidering the Time (as we have 
ſhewn; ) for the Velocities alone are not the Cauſe of the Spaces deſcrib'd, 
but the Times and the Velocities together: for otherwiſe the Effect would 
be greater than the Cauſe, which is abſurd. Several ingenious Men have 
endeavour'd to defend Monſ. Leibniiz's Opinion by ſubtle, tho? fallacious, 
Arguments, having firſt deceiv*d themſelves by miſapphed Obſervations 
and Experiments. | eo TAs ©: 

Some have diſtinguiſh'd the Actions exerted on Bodies (as for Example, 
the Force of Gravity) into a living and a dead Force (vis viva, & vis mor- 
tua) calling that a living Force, whereby it produces a viſible Effect on a 
Body, and a dead Force, that which is deſtroy'd by a contrary Cauſe; as 
when a Body is kept from falling by an Obſtacle, or being in the Scale of 
a Balance is kept from deſcending by a Counterpoiſe in the oppoſite 
Scale. Were we to allow of this Diſtinction, yet the common Experiment 
of the moſt ſimple mechanical Organ, I mean the Balance, ſhews that the 
vis viva and the vis mortua, are both in the ſimple Proportion of the Ve- 
locity multiplied into the Maſs. For Example, 4 Pounds being placed at 
the Diſtance of 6 Inches from the Center of Motion, and 2 Pounds at 
the Diſtance of 12, will have a vis viva, if the Balance be put into a 
ſwinging Motion. Now theſe Forces appear to be equal, becauſe,” with 
contrary Directions, they ſoon deſtroy one another; but they are to one 
another in the ſimple Ratio of the Velocity multiplied into the Maſs, - 
vix. 4x6 =24, and 2 x 12=24, Whereas if the Forces in this Caſe 
had been as the Maſs into the Square of the Velocity, the Weight 2 placed 
at near 8 Inches and an half, would have deſtroy'd the Motion of the 
Weight 4 at 6 Inches diſtance, and have reduc'd it to an Z#quilibrium. 
That is, 6 x 5 x 4 = 144, and 3, 426, &c. x 8,426, Sc. x 2 = 144. 
The Caſe is the ſame in the vis mortua; for then 2 at the Diſtance 12, 
keeps 4 in A#quilibrio at the Diſtance 6, and the leaſt Alteration either 
of Weights or Diſtances, will deſtroy the Æquilibrium. The ſame thing 
is true in the Leaver, Pulley, Axis in Peritrochio, Jnclin'd Plane, Wedge, 
and Screw. | | 

The Momentum of Bodies appearing ſo plainly by this common Expe- 
riment to be the Product of the Maſs by the Velocity, others have ſaid, 
that the particular Make of the mechanical Organs was the Cauſe of this 

| Gag 2 | Phenomenon, 
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In the firſt Half of the Vibration. 
Vel. Sq. Vel. Maſs Momenta 
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Phenomenon, and that this Action of Bodies upon one another, by means 


of Inftruments, muſt be call'd Preſſure, diſtinguiſhing between Force and 
Preſſure, allowing Preſſures of Powers to be to one another reciprocally as 
the Maſles multiplied into the Velocities; but denying that Forces are 
in that Ratio. Now to ſhew that Forces, which we alſo call the Mo. 
menta of Bodies, are in the Ratio above-mentioned, let us impartially 
conſider the following Experiment communicated firſt to me by Mr. George 
Graham. | | ; 


ExXPERIMEN T. Plate 24. Fg. r. 


The Machine repreſented by the Figure has been already deſcrib'd 
(Page 3oo,) only we muſt ſuppoſe the Arc FE to be divided into 24 
Degrees on each Side, counting from the Edges A D and CB of the flat 
ſquare Pendulum, inſtead of 18 mark*d in the Figure; and that the Pendu- 
him weighs 2 Pounds, and the Weight W alſo two Pounds. 

Now, if the Pendulum. without the Weight W, be drawn up to the 
24th Degree on the Side of E, when you let it go, it will riſe to 24 on the 
other Side; but if a Perſon, who holds the String L in his Hand (whilſt 
the Weight W hangs half an Inch above AB CD, when at the loweſt 
Place) lets go the String juſt at the moment that the flat Pendulum comes 
to the loweſt Place, the Pendulum receiving thereby an Addition of Matter- 
equal to its own, goes only to 12 on the Side of F. If we let the Pen- 
dulum fall from 20 Degrees, and W be let down upon it at the loweſt - 
Part of the Vibration, then it will (thus loaded) go but to 10 Degrees; 
and when you let it go from 12, if it receives the Weight W at bottom, 
it willgo but to 6. 


Now to compare together the two Opinions, we muft examine, which of 


them gives the Momentum the ſame before and after the Reception of W. 
OrD OPINIO. 


In the 2 Half of the Vibration In the laſt Half of the Vibration, 


Velocities Maſs Momenta Velocities Maſs Mamenta. 


24 48 | . 48 
20 f . 40 40 5 4 ö 40 
3 1 6 24 


NEW OP TIN ION. | 
In the laſt Half of the Vibration, 
Vel. Sq. Vel. Maſs Momenta 


24—576 1152 12— 144 576 + 117152 
20 — 40 2 5 800 21350 4 400 = 8 800 
12— 144 288 6 — 36 144 4-5 288 


But 


t! 
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But to have the Momenta as they ought to be according to the new Opi- Annotat. 
nion, the Velocities, after the Reception of W on the Pendulum, ought to Lect. V. 


have been 17 —, 14, 1 +, and 8,48 +; for 17 — x 17 — = 288, ane 
14, 1 EN 14, 1 + = 200, and 8,48 + x 8,48 = 72; which Numbers re- 
ſpectively multiplied by the Maſs 4 of the Pendulum and Weight, will 


give for Products 1132, 800, and 288, the ſame Moine nta that the Pen- 


dulum had in the firſt Half of the Vibration. 


N. B. As it requires a little Practice and Dexterily to let W fall Pl. 
Juſt upon the Middle of A B CD, one muſt make ſeveral Trials, 


ard have a Circle drawn upon the Plate AB CD, to fhew the ex- 


act middle of it; but the Experiment is concluſive, ibo W does not fall 


' preciſely into the Circle: for when it falls beyond it (for Example, when 
you let the Pendulum go from 12) then will the compound Pendulum go 
. as far beyond 6 towards F, and come as far ſbort of 6 towards E. 
The ſame happens, whatever Height the Weight falls from, The Ex- 
periment alſo ſucceeds equally, whether the. Bottom of the Weight and. 


upper Surface of the Plate be rough or ſmooth, ſoft or hard, Nay, 


there is another Way of making the Experiment, eafier than. letting fall 
the Weight ;, and that is done by fixing the String that holds the Weight 
fo that the Plate can but juſ# flip under it in its Vibration, and then 


ſcrewing the curv'd upright Piece w x w lo the Plate, repreſented now 
Ey a be d, in ſuch manner, that the curv'd Piece, or Semi-cylinder, which : 
is ſomething bigger than the Circle W W (Baſe of the Weight when on) 


ſhall, at the Boltem of the Vibration, embrace the I/eight W, and car-. 
ry it aleng, without its falling upon the Plate. In this laſt Caſe the. 
Experiment will alſo ſucceed, whether the Weight has its cylindric Sur- 
face cf Lead, Iron, Braſs, or even ſoft Leather. I made the Experi- 


ment theſe different IWays, in order to remove ſeveral Objections; the? b 


they were of ſo little Force, that they may be eaſily anſtver'd without ; and. 


they are as follows. 


Ozjer. 1. The Shock made by the Fall of the. Weight W, hinders - 


the compound Pendulum from going ſo far as it ought to do. 


Anſwer. The Pendulum is in an horizontal Motion, when it receives 
the Weight W, which by its Fall gives a perpendicular Stroke, which (by 
what has been + ſaid of two Forces acting at the fame time upon a Body) 
can neither advance nor retard it towards the Side where it is going, but NV. 8 


only make it go lower, if the Strings that ſuſpend the flat Pendulum yield 
a little. For Example, let ef (* Plate 24. Fig. 1.) be the Line in which * Pl. 24. F. 1 
the Pendulum moves at the loweſt Part of its Vibration, which we will 
conſider as a ſtreight Line, taking the Tangent inſtead of a ſmall Arc; let 
the Weight W fall in the Line we. Now, if we ſuppoſe the Strings to yield, 
ſo as to become longer by the whole Depth eg, then will the Pendulum 


be acted upon by two Forces, as ef, and eg, 


vhich will make it go in 


the 


+ 
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Annotat. the Diagonal e /; if the Strings ſtretch but to 5, then will the Body go 


Lea. V. in the Diagonal e m; if they ſtretch only to i, the Body will go in the 1 ſe 
Diagonal ez; and laſtly, if the Strings either don't ſtretch at all, or by 1 Ir 
Pl. 24. F. 1. their Re · action reſtore themſelves wholly, then is the whole Effect of the 7 te 

Shock of the Fall of W deſtroy'd. and the Body will go in the Line e, . ir 


as if there had been no ſuch Stroke. Now in all theſe Caſes, the com- 
und Pendulum goes from the Line e g to the Line F / in the ſame Time, 
and the Edge of the Plate muſt ſhew the ſame Number of Degrees upon 
the graduated Index below it. To theſe Objectors alſo, the Succeſs of 


the Experiment when ſoft Leather is glued under the Lead, muſt give : wi 
Satisfaction; but making the Experiment without letting the Weight fal! 20 
at all (when the little Semi-cylinder w & w of the Plate takes the Weight ; Fi 
along with it) muſt be a full Conviction. | | nll Bi 
3 | 7 to 
Objekt. 2. The Friction of the Weight W, and the Plate A BCD, 1 cu 
one againſt another, occaſions the Loſs of Motion, and hinders the com- me 
pound Pendulum from going to thoſe Diſtances, that are agreeable to the | de 
new Opinion. pi 
| | 5 | 7 Al 
Anſwer. This Objection is too looſe and general; for the Objetors ga 
ought to ſhew how much Motion Friction can deſtroy in other Caſes, and wh 
that there is as much Motion loſt here. Whereas, upon Examination, ber 
the ſuppos'd Cauſe will appear unequal to the Effect. For the Motion wa 
loſt here, according to the new Opinion, muſt be half of the whole Mo- Nu 
tion of the compound Pendulum; whereas Friction, at moſt, never de- the 
ſtroys above a Third. Beſides, the Friction of one Part of the Pendulum Y <cecff 
againſt another, does no way affect the Motion of the whole Pendulum, or | Cy. 
of the Syſtem of thoſe two Bodies, that Way in which it is carried. For ; Tai 
Sir Tac Newton has demonſtrated in his Principia, Book the 1ſt, in the leac 
Corollaries to the Laws of Motion That if Bodies, any how mov'd among ; and 
themſelves, are urged in the Direction of parallel Lines by equal accele- ] acce 
rative Forces; they will all continue to move among ibemſelves, after the b R, 
ſame manner as if they had been urged by no ſuch Forces, Now, this is Par 
the Caſe of our compound Pendulum, all whoſe Parts for the ſmall | dra: 
Time of the Shock or Friction, may be conſidered, as carried along in V 
right Lines; that is, in the Line ef, and its Parallels. The Anſwer by way |! Pin 
of Experiment is, that when I have made the Bottom of W very ſmooth, find 
as alſo the Surface of the Plate (as I was deſired to do by ſome of the Nor 
Ohjectors) it has been more difficult to make the Experiment; but the ' Cyl! 
Succeſs has been the ſame: For whenever the Weight W had its Center alwa 
a little behind the Center of the Circle w w, perhaps by ſlipping back juſte 
wards, the compound Pendulum came ſhort of the 12, 10, or 6 Degrees gent 
forwards towards F; but then it excecded as much when it came back | the £ 
towards E: whereas the Diminution of Friction, ought to make it go be- Se. 
yond thoſe Numbers according to the new Principle. alled 
| = | 22 M have 


.. FG ourſe of Experimental Philoſophy. 41 ; 


Tho? this is ſufficient (at leaſt as it appears to me) to convince any Per- Annotat. 
ſon that is attentive to the Thing, of the Truth of the old Opinion; yet, Lect. V. 
in juſtice to the two ingenious Profeſſors of Leyden and Utrecht, I ought: 
to mention an Experiment, which they made in oppoſition to this Experi- | 

ment of the flat Pendulum, 3 ä 


ExPERIMENT. Plate 28. Fig. 6. Ul. 28. F. 6. 


AB Geis a vertical Board, having an upright Piece AD fix'd to it 
with two Screws y, at the Top of which Piece there is fix'd an hori- 
zontal Arm DE. From the ſaid horizontal Arm are let down two fine 
Fiddle-ſtrings C m, cu, which by the two little Hooks mn, ſuſtain the 
Braſs Cylinder W. This Cylinder is a Box with a Cone H, ſcrewing in- 
to it, to ſhut up any Weights contain'd in it, and at the ſame time to 
cut the Air the better, when the Cylinder moves with the conick End fore- 
moſt. 7 is a little Tail or Ruler fix*d to the other End of the Cylin- 
der on its Axis continued, with ſeveral vertical Holes in it, to receive the 
Pin P, which goes through it behind 7 7, a ſtrong Braſs Plate fix*d at right 
Angles to the Board A B G, by means of its Return R ſcrew'd tight a- 
gainſt the Board; which Plate has an Hole to tranſmit the Tail 77, > 
whereby the Spring 4 (faſten'd alſo to the End of the Cylinder) is 
bent. When the Pin P is ſuddenly pulPd out, the Cylinder is ſhot for- 
ward by the unbending of the Spring, in the Line H þ; and the fliding 
Ruler On being drawn out, ſo as to have its firſt Diviſion begin where 
the String cn hangs, that String in the Motion of the Cylinder will ſuc- 
_ ceſſively paſs over the Diviſions upon the Ruler, and ſhew how far the 
Cylinder 1s ſhot forward in every Experiment. The Cylinder, with its 
Tail, Spring, and Head, weighs juft one Pound ; but by putting different 
leaden Cylinders into it, it may be made to weigh 2, 3, or 4 Pounds; 
and likewiſe the Spring may have different Degrees of Force given to it, 
according as the Tail 7 is drawn farther through the Plate rr, towards 
R, and kept in its Place by the Pin P. N. B. The 7th Figure repreſents pl. 28. F. -. 
Part of the Cylinder with its Tail and Spring, and the rectangular Plate, | 
drawn by a larger Scale, and mark*d with the ſame Letters. 
When the Spring bent to the fame Degree, does, by pulling out the 
Pin P, ſucceſſively ſhoot forward the Cylinder differently loaded ; you will 
find, by obſerving the String c, to what Diſtances the Cylinder is thrown, 
Now it always happens, that in thoſe Cafes, whatever the Weight of the 
Cylinder is, the Product of its Maſs by the Square of the Velocity, is 
always the ſame. That is, if the Cylinder weighing 1, the Spring be ad- 
juſted ſo, as to throw it to the Degree 8 mark*d on the Ruler or Tan- 
gent Line O; the Cylinder loaden with 2, will by the fame Bent of 
the Spring be thrown to 5,65, Fc. if loaden with 3, it will go to 4,62, 
Sc. and if loaden with 4, it will go to 4. Theſe Gentlemen therefore 
alledge, that they have made uſe of Elaſticity in their Experiment, as I 
have made uſe of Gravity in mine; and that as their Experiment is agree- 
| | : able 
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able to the new Opinion, and mine is agreeable to the old; therefore no- 


thing is to be concluded from either of them. 

Indeed, one would imagine fo at firſt ; and one would think that (ac- 
cording to the old Opinion) the Spring which ſhoots the Weight 1 to8 
Degrees, ought to ſhoot the Weight 4 only to 2 Degrees; whereas we 
ſee it ſhoots to 4 Degrees, ſince the ſame Force muit produce the fame 
Momentum. But here hes the Fallacy, If the Force of the Spring acted 
no longer upon the Weight 4, than it does upon the Weight 1, it 
would ſhoot it but to 2; but the Spring acts as long again upon the 


Weight 4, as it does upon the Weight 13 as is evident, becauſe the 


Weight 4 moves but with half the Velocity of the Weight 1, the Spring 
quitting -the Plate 7 7, as ſoon again, when it drives forward the Weight 
1. So that an equal Cauſe acting twice the Time, muſt produce the ſame 
Effect, as a double Cauſe acting during the ſame Time as the ſingle one. 
When a Truth has been prov'd by plain Reaſoning and ſimple Experi- 
ments ; there is no Occaſion to take any Notice of fuch ſubtle Reaſonings, 
and complex Experiments, that are made uſe of to perplex it, for the Con- 
firmation of that Truth. But, if the Experiments made to eftabliſh one 


Opinion, and overthrow another, tho? they have not anſwered that End, yet 


lead us to ſome new Diſcovery, or clear up ſome other Truth not gene- 
rally known; they certainly merit our Attention and thorough Examina- 


tion. Dr. £Graveſande, and Dr. P. Muſchenbroek, are too curious in ma- 
king, and too faithful in relating their Experiments, not to have us cre- 


dit the Facts: Therefore, tho? I deny the Concluſion, which they deduce 
from the Impreſſions made on Clay, or other foft Subſtances, by Spheres, 
Cones, or Cylinders, I think, there are very uſeful Conſequences to be drawn 
from their Experiments in reſpect of Percuſſion, and the Refiſtance of ſoft 
Bodies. I likewiſe believe Profeſſor Polenus to have made his Experiments 


carefully, tho? I have not the Honour to know him. Therefore I will, 


in the Beginning of my next Velume, conſider this Diſpuce fully, and 
hope to ſhew the entire Fallacy of the Reaſonings, which have been pub- 
liſh*d in favour of the new Opinion, and fully explain, why the Experi- 
ments alledged, are not concluſive in that Point. It is not proper to do it 
now; becauſe, I have not yet explain'd the Laws of the Congreſs, or 
Sheck of Bodies, which this Volume, already ſwell'd to too great a Bulk, 


allows me no room to do. I hope I ſhall then be able to ſettle the Diſpute, | 


by proving the three following Propoſitions, 


1. That the Cauſe, which accelerates Bodies in their Motion downwards, 
and retards them in their Motion upwards, does (abſtracting from the 
Reſiſtance of the Air) not accelerate them in their Fall with more 
Difficulty, or flower than it retards them in their Riſe, which is a Sup- 
poſition made in favour of the new Opinion. | | 


2. That Impreſſions, or Pits of equal Capacities or Depths, made on ſoft 


Subſtances by hard Bodies, by ſtriking them with unequal Velocities, are 


not 


. 


# & ourſe of E xperimental Philaſophiy. 


not proportionable to the Momenta, or Forces of theſe percutient Bo- 
dies; tho they be proportionable to the Maſſes multiplied into the Squares 


„ the Velocities. 


3. That Experiments of the Congreſs of ſoft and elaſtick Bodies do not 


prove the new Opinion, but confirm the old. 


In the mean time, I refer the curious Reader for Satisfaction to the 
 Philoſoph.cal Tranſactions, where he will find Diſſertations upon this Sub- 
ject, in the following Numbers. No. 371, 375, 376, 396, 400, and 401. 
In Ne. 371. There is a Paper of Dr. Henry Pemberton, to ſhew the Ex- 
_ periments of Polenus inconcluſive for the new Opinion. 
In No. 375. I endeavour to confirm the old Opinion, by an old Experi- 
ment on the Balance, and ſome Experiments of the Congreſs of Steel Balls. 
In No. 376. I endeavour to ſhew the Fallacy of Pol. nus's Experiments 
by two new ones. | ; | 
In No. 396. Mr. Jobn Eames, F. R. S makes Remarks upon the new 
Opinion, relating to the Forces of moving Bodies, in the Caſe of Colliſion 
of Non-elaſtick Bodies: And in the ſame Tranſaction ſhews, in another Diſ- 
ſertation, that the Proof for the new Opinion, drawn from the Doctrine of 
Compoſition and Reſolution of Forces (when a Body by its Impulſe bends 
ſeveral Springs) equally proves both Sides of the Queſtion, and thereby 
proving too much, does in reality prove nothing at all; and therefore is far 
from deſerving the Name of a Demonſtration. | | 
In No. 400. The ſaid Mr. Eames has made Remarks upon ſome Expe- 
riments in Hydraulicks, which ſeem to prove, that the Forces of equal 
moving Bodies are as the Squares of their Velocities. 8 
In No. 401. There is a Letter of the late Rev. Dr. Samuel Clarke, 
cerning the Proportion of Velocity and Force in Bodies in motion. | 
Yet I cannot but blame the Doctor's uncivil Treatment of thoſe Gentle- 
men, who defend the new Opinion, in Expreſſions very rude, and not at all 
relating to the Argument it ſelf: Neither can I be of his Opinion, in his 
taxing Dr. £Graveſande with “ intending to raiſe a Duſt of Oppoſition a- 
gainſt Sir ISAAC NEW TONs's Philoſophy;”? ſince I know that Pro- 
feſſor does, and always did, very much eſteem Sir Iſaac Newton's Works; 
and that both he, and Dr. Petrus van Muſchenbroek, Profeſſor at Utrecht, 
do teach the Newtonian Philoſophy, tho? they differ from him in relation to 


the Momentum of Bodies. | 


 [25. Page 347. The Pile may enter into the Earth farther than in that 
Proportion, 8c. Page 348. Nails, &c. give way to the Hammer nearly 


according to the Square of the Velocity, &c.——— But the Reverſe muſs be 
done in the Battering Ram. | | £ 

Tho? the Experiments made by the ingenious Profeſſors Polenus, 6 Grave- 
ſande, Muſchenbroek, and others, do not prove the Momenta of Bodies to be 


as the Mals into the Square of the Velocity, for the Reaſons given in the 
Vor. I. Hh h Philoſophical 
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may beat down. what the firſt has ſhak' d: This being more effectual, 
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Annotat: Philoſophical T. ranſactions, which I have referr'd to, and for other Reaſons. 


(which I reſerve for that Part of my Work, wherein I ſhall conſider the 
Congreſs of Bodies, and which, I hope, will be ſatisfactory to thoſe Gen- 
tlemen themſelves) yet they have a great deal of Merit, becauſe they do 
certainly ſhew, that the ſame Body ſtriking ſoft Subſtances with different 
Velocities, does make Impreſſions upon them, in Proportion to the Squares 


of thoſe Velocities; and thereby give us a Principle to direct the Practice 


of ſome mechanical Operations, which was not very well known before, 
Accordingly, a one-handed Hammer, ſtriking upon a hot Iron, when it has 
4 times the Velocity of a two-handed Hammer, which is 4 times heavier, 
will do twice the Work in forging the Iron, tho* the Momentum is the ſame 
ia both; but the Introceſſion, or Yielding of the Iron, is not the ſame in 


both. So in driving Piles, when the Earth is equally yielding, if we raiſe 
the Rammer four times as high, the Pile will enter into the Earth four times. 


eaſier ; but when the Pile (tho' fhod with Iron) ſtrikes upon a Rock, or 
is driven in ſtony Earth, the Caſe is not the ſame, but in a mix*d Propor- 
tion between that of the Maſs into the Velocity, and the Maſs into the 
Square of the Velocity. | . 
Now in a Battering Ram, the Effect will be greater, when a great Quan- 
tity of Matter moves with a ſmall Velocity, than when the fame Momentum 
is produc'd by a little Quantity of Matter which moves with a great Velo- 
city. The explaining of this will give ſome light into the Diſpute concern- 
ing the new and the old Opinion. For, if we ſuppoſe A CD E“ a Piece of 
Wall (whoſe horizontal Section is reprefented here) ftruck by a Cannon Ball, 


or a Battering Ram at B, the Effect in the firft Cafe will be this, that 
the Cannon Ball, (ſuppoſing it to have a ſufficient Velocity) will go thro? 


the Wall, making the Hole 4 5 Be thro* the Wall, or at moſt, the Hole 
dc Be, in the Form of a truncated Cone, ſhaking a little more of the 
Wall, than the Parts of it, which are very near that Hole, becauſe the 
Velocity is fo great, that the Motion has not time to be communicated 
very far, whilft the Bullet is paſſing. But if a Battering Ram, with the 


fame Momentum, but a Velocity ſo much lefs as it has more Matter, 


ſtrikes the Wall at B, it will ſhake it round about to a great Diſtance, 
the Motion having time to be communicated; and, if the ſucceſſive 
Blows be continued, ſo that the ſecond may be given, before the Shaking 
given by the firſt is over; after ſeveral Blows, a large Piece of Wall will 


be thrown down, ſuch as FGHI. This is what Sir Chriftopher Wren 
has often practis'd in the beating down of old Buildings and Ruins; 


in order to erect new Edifices in the Place where old ones formerly 
ſtood : And he ſaid, he found no Way ſo expeditious for demoliſhing old 
Walls, whoſe Mortar was-almoſt as hard as the Stone it ſelf. 8 
In War indeed, Cannon is preferable to the ancient Battering Rams, 
for many Reaſons: ſome of which have been given in Le#. 2d, N*®. 9. and 


the 3d Annotation. And in thoſe Caſes we are to obſerve, that the 


Beſiegers ſhoot obliquely, chooſing rather to ſtrike the Walls obliquely 
from different Batteries, tho* with leſs Momentam, that the ſecond Ball 


than 
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than to make many ſmall Holes in a Wall by ſhooting perpendicularly. Annotat. 
To illuſtrate this yet further, I will here repeat what I have already ſaid Lect. V. 
the Philoſophical Tranſactions (Ne. 376.) viz, © That when a Door 
is half open, and moving very freely on its Hinges; if a Piſtol be 

« fir*d againſt it, the Ball will go through the Door without moving 

ce out of its Place; but if we take a large Weight of Lead, and throw it 

* againſt the Door, with the ſame Force as the Piſtol Bullet mov'd, = 
ce the Door will be remov*d from its Poſition, and carried out of the Place 1 
4 on its Hinges by the Stroke; becauſe in the firſt Caſe, the Motion of 
c the Ball is communicated but to a few Parts of the Door, and in the 
e laſt it is diffus'd all over it. Nay, the Door will be mov'd by the 
«© Stroke, even tho' there ſhould be a prominent Part in the Lead no 
© bigger than a Piſtol Bullet, in order to ſtrike the Door upon no more 
< of its Surface, than the Bullet has done.“ 
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5. [32. Page 352. A Fluid will refit ſometimes as much as a Solid, &c.) 
Let us ſuppoſe a Piece of. Wood, as a Plank one Inch thick, to be of the 
ſame ſpecifick Gravity as Water; and that Water of the ſame thickneſs 
covers a Surface of. Clay; and let us examine what will be the Effect of 
a Bullet ſtriking the Solid or the Fluid. Let us again ſuppoſe, that the 
Bullet ſtriking the Water with the Velocity 1, paſſes through it, over- 
coming by its Momentum the Reſiſtance as 1, which ariſes from the Denſity 
of the Water, and alſo another Reſiſtance as 1, which ariſes from its Tena- 
city, If the Bullet, with. the ſame Velocity, ſtrikes the Wood, whoſe 
Reſiſtance from its Denſity is as 1, but whole Reſiſtance from the Tenacity 
is as 9; that is, whoſe whole Reſiſtance is 10; it is certain, that the Bullet | 
cannot penetrate through the Wood with the Velocity 1, but it mul | 11 
have the Velocity 10, to overcome the Reſiſtance above- mentioned. | Fes I 
Now, if the Bullet, with the ſame Velocity 10, comes againſt the 
Water, it will meet with a Reſiſtance, as 100, on account of the Denſi- 
ty, + and alſo the Reſiſtance 10, on account of the Water's Tenacity, * + L. 5: 35. 
that is, 110. Then if the Bullet with the ſame Velocity ſtrikes the 5 age 350, 
Wood, and we ſuppoſe the Reſiſtance of the Wood, from its Quantity of ** * 
Matter, to increaſe as the Square of the Velocity, as it does in the Wa- 
ter (tho' it does not increaſe in ſo great a Proportion) the whole 
Reſiſtance of the Wood will be 190, that 1s, 100 from its Denſity, and 
go from its Tenacity. Here the whole Reſiſtance of the Water, is to 
the whole Reſiſtance of the Wood, as 110 to 190, or as 11 to 19. If the 
Velocity of the Bullet be doubled, that is, becomes 20, the whole Re-. 
ſiſtance of the Water will be 400 ＋ 20 = 420; and the Reſiſtance of the 
Wood will be 400 + 180 = 580: Then will the Reſiſtance of the Water 
be to that of the Wood, as 42 to 58, or 21 to 29, the Difference being 
now leſs than before. If the Velocity of the Bullet be 40, the Reſiſtance 
of the Water will be 1600 + 40 = 1640, and that of the Wood 1600+ 360 
= 1960; and then the Reſiſtance of the Water will be to that of the 
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Wood, as 164 to 196, or 41 to 49, the Difference being ſtill leſs, There- 
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Annotat. fore, as the Velocity of the Bullet increaſes, the Reſiſtance of the Water 


continually comes nearer to that of the Wood. Now, if, the Wood'be 


les denſe than the Water, the Reſiſtance of the Water (on increaſing the 


Velocity of the Bullet) will ſoon be greater than that of the Wood. 
Likewiſe, tho? the Wood be as denſe as the Water, if the Reſiſtance, on 
account of the Quantity of Matter, does not increaſe ſo faſt as it does in 
the Water (as I ſaid above, and Experience ſhews) by increaſing the Bul- 
let's Velocity, the Reſiſtance of the Water will ſoon overtake that of the 
Wood. The following Experiment has been made to confirm this Aſſertion. 

A Sail was ſpread horizontally in a Pond about 24 Feet under the Sur- 
face of the Water, and a Muſket with a ſmall Charge being fir'd oblique- 
ly to the Surface of the Water, but perpendicularly to an half-inch Deal 
Board fix*d under the Water over the Sail, the Bullet went through the 
Board under the Water, and after that through the Sail-Cloth. The 
Experiment was made again with a greater Charge, and the Bullet ſtruck 
againſt the Board without going through it, making but a ſmall Impreſ- 
fion in the Board; yet its Roundneſs was alter*d more than the Reſiſtance of 
the Board ſeem'd likely to have caus'd, and therefore the Bruiſe in the Lead 
was thought owing to the Reſiſtance of the Water. Upon increaſing the 
Charge a third time, the Ball fell upon the Sail without reaching the 
Board, and was much beaten out of ſhape. At laſt putting in a Charge 
pretty nearly equal to the Proof (that is, the Weight of Powder equal to 
the Weight of the Bullet) the Bullet was beaten to pieces upon the Sur- 
face of the Water. N. B. I cannot exattly tell in what Proportion the 
Charges were increas*d, becauſe I did not ſee the Experiment my ſelf ; but 1 
had the Account from Perſons of Credit that ſaw them. That the Reſi- 
ſtance of the Water was greater than that of the Wood appear'd by this, viz. 
that when the Shot was made againſt a Plank of x + Inch thick in the 
Air, the Bullet went through more and more eaſily, the more the Charge 
was increas'd. : 
This great Reſiſtance of Water is farther confirm'd, by an Accident, 
that happen'd to my ſelf. | 

Some Years ago, on a rejoicing Day, the -Honourable Colonel Samuel 
Horſey, with ſeveral other Perſons, and my ſelf, went out upon the Thames 
in a great Barge belonging to the Vintners Company, where we play'd 
off fome Fire-works. It happen'd, that a Water-rocket (whoſe Property 
is to go under Water ſeveral times and rife again, and at laſt burft on 
the Top of the Water) came up, when it was ready to burſt, under the 
Stern of the Barge, being thereby prevented from coming up to the Sur- 
face of the Water, and burſting where it was, gave the Barge a great 
Shock, fo as to give it a ſenſible Lift, which I plainly felt, being directly 
over the Place, and wonder*d at the Force of fo ſmall a Quantity of 
Powder, there being much lefs than an Ounce of Powder to make 
the Report, A little after, fome Gentlemen and Ladies, being in ano- 
ther Barge, of lefs than half the Bignefs of ours, came near us, and de- 


fir*d me to throw ſome of the Water-rockets between the two Barges, 
| | that 
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that they might the better obſerve their Motion. I threw ſeveral but at Lect. V. 
laſt one of them in its laft Riſe, ſtopping under the Middle of their Annotat. 
Barge, broke there, and made ſo great an Hole in the Barge's Bottom, — 


that there was only time for the Company to get out of their Barge into 
ours, and the Watermen to row to Shore from the Middle of the Thames 
(at Mortlake, where it is but narrow) before the Barge was half full of 
Water. Becauſe in the Exploſion of the Powder, whoſe Velocity, in its 
Expanſion, is exceedingly great, the Water reſiſted, like a Solid, and con- 
ſequently the Powder made its way through the Bottom of the Barge, 
whoſe Planks were leſs denſe than the Water, and not very thick. 

After this, to try the Effect of the Exploſion of Gun-powder under 
Water; I loaded a Water-rocket, ſo that it ſhould break under the Wa- 
ter, and having ſet fire to it, threw it into a Pond, that cover'd an Acre 
of Ground: And ſo great was the Shock, that ſeveral Perfons, who ſtood 
round the Pond, felt it like a momentaneous Earthquake. 


6. [39. Page 359. Sir Iſaac Newton has demonſtrated it, &c.] 
Take Sir Iſaac Newton's two Demonſtrations in his own Words. 
Book I. SE r. 2. ProPoOSITIONT, THEOREM I. 


« The Areas, which revolving Bodies deſcribe by Radi, drawn to an im- 
© moveable Center of Force, do lie in the ſame immoveable Planes, and are 


proportional to the Times in which they are deſcrib d. [Plate 28. Fig. 9.] Pl. 28. F. 4% 


«© For, ſuppoſe the Time to be divided into equal Parts; and in the fi 
«« Part of that Time, let the Body by its innate Force deſcribe the right 
„Line AB. In the ſecond Part of that Time, the ſame would (by Law 
5 1.) if not hinder*d, proceed directly to c, along the Line B c equal to 
«© AB; fo that by the Radii AS, BS, cS drawn to the Center, the 
6c equal Areas ASB, BSc, would be deſcribed, But when the Body is 


< arrivd at ſuppoſe, that a centripetal Force acts at once with a 


66. great Impulſe, and turning aſide the Body from the right Line B c, 
'* compels it afterwards to continue its Motion along the right Line BC. 
« Draw c C parallel to BS, meeting BC in C; and at the End of the 
e“ ſecond Part of the Time, the Body (by Cor. 1. of the Laws) will be 
« found in C, in the ſame Plane with the Triangle AS B. Join SC, 
and, becauſe SB and Ce are parallel, the Triangle SBC will be 
20 equal to the Triangle SB c, and therefore allo to the Triangle SAB. 
* By the like Argument, if the centripetal Force acts ſucceſſively in 
C, D, E, Sc. and makfs the Body in each ſingle Particle of Time, to 
«« deſcribe the right Lines CD, DE, EF, Sc. they will all lie in the 
„ ſame Plane; and the Triangle SCD vill be equal to the Triangle 
«© SBC, and SDE to S CD, and SEF toSDE. And therefore, in 
& equal Times, equal Areas are deſcrib'd, in one immoveable Plane: And, 


« by Compoſition; any Sums S ADS, SAFS, of thoſe Areas, are 
5 | | one 
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one to the other, as the Times in which they are deſcrib'd. Now, 
let the Number of thoſe Triangles be augmented, and their Breadth 
be diminiſh*d in inſinitum; and (by COR. 4 Lem. 3.) their ultimate 
Perimeter A DF will be a curve Line; and therefore the centripetal 


Force by which the Body 1s perpetually drawn back from the Tangent of 


this Curve, will act continually; and any deſcrib'd Areas SADS, 
SAFS, which are always proportional to the Times of Deſcription, will, 
in this Cate, alſo be proportional to thoſe Times. Q. E. D. 


« (r. t. The Velocity of a Body attracted towards an immoveable 
Center, in Spaces void of Reſiſtance, is reciprocally as the Perpendicu- 
lar let fall from that Center on the right Line that touches the Orbit. For 
the Velocities in thoſe Places A, B, C, D, E are as the Baſes AB, BC, 
CD, DE, E F, of equal Triangles; and theſe Baſes are reiprocally 
as the Perpendiculars let fall upon them. 


« Cor. 2. If the Chords A B, B C of two Arcs, ſucceſſively deſcrib'd 
in equal Times, by the ſame Body, in Spaces void of Reſiſtance, are 
compleated into a Parallelogram AB CV, and the Diagonal B V of this 
Parallelogram, in the Poſition which it ultimately acquires, when thoſe 
Arcs are diminiſh'd 2: infinilum, is produced both ways, it will paſs 
through the Center of Force. 


ee Cor. 3. If the Chords AB, BC, and DE, EF of Arcs deſcrib'd 


£6 


cc. 


5 
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in equal Times, in Spaces void of Refiftance, are compleated into the 
Parallelograms AB CV, DE F Z; the Forces in B and E, are one. 
to the other in the ultimate Ratio of the Diagonals BV, EZ, when 
thoſe Arcs are diminiſhed in infrmitum. For the Motions B C and EF 
of the Body (by Cor. 1. of the Laws) are compounded of the Motions 
Be, BV, and E/, E Z; but BY and E Z, which are equal to Cc 
and F f, in the Demonſtration of this Propoſition, were generated, by 
the Impulſes of the centripetal Force in B and E, and are therefore pro- 
portional to thoſe Impulſes. | | | 


“ Cor. 4. The Forces by which Bodies in Spaces void of Reſiſtance, 
are drawn back from rectilinear Motions, and turned into curvilinear Or- 
bits, are one to another as the verfed Sines of Arcs deſcrib'd in equal 
Times; which verſed Sines tend to the Center of Force, and biſſect the 
Chords, when thoſe Ares are diminiſhed to Infinity : For ſuch verſed 
Sines are the Halves of the Diagonals _—_ in Cor. 3. 


« Cor, 5, And therefore thoſe Forces are to the Force of Gravity, as 
the ſaid verſed Sines to the verſed Sines perpendicular to the Horizon of 
thoſe parabolick Arcs, which Projectiles deſcribe in the ſame Time. 


„Cor. 
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„ Cor, 6. And the ſame Things do all hold good (by Cor. 5. of the Annotat. 
« Laws) when the Planes in which the Bodies are mov'd, together with Lect. V. 
„ the Centers of Foree which are placed in thoſe Planes, are not at reſt, —— 


but move uniformly forward in right Lines. 


« PROPOSIT 10 II. THEOREM II. 


&« Every Body, that moves in am curve Line deſcrib'd in a Plane, and 
„ by a Radius, drawnto a Point, either immoveadble, or moving forward 
«© with an uniform rectilinear Motion, deſcribes about that Point Areas pro- 
&« portional 1a the Times, is urged by a centripetal Force directed to that 


* Point, 


« Caſe 1. For every Body, that moves in a Curve Line, is (by Lew 
* 1.) turned aſide from its rectilinear Courſe, by the Action of ſome 
Force, that impels it. And that Force, by which the Body is turned 
< off from its rectilinear Courſe, and is made to deſcribe, in equal Times, Pl. 28. Fg, 
<« the equal leaſt Triangles S AB, SBC, SCD, * Sc. about the im- 
& moveable Point S (by Prop. 40. Book 1. El. and Law 2.) acts in the 
« Place B, according to the Direction of a Line parallel to 6 C, that is, 
« in the Direction of the Line BS; and in the Place C, according to 
« the Direction of a Line parallel to 4 D, that is, in the Direction of 
the Line CS, Sc. And therefore acts always in the Direction of 
« Lines tending to the immoveable Point S. 2 E. D. 


* eg 2. And ( by Cor. 5. of the Laws) it is indifferent, * the 
© Superficies in which a Body. deſeribes a curvilinear Figure be quieſcent, 
or moves together with the Body, the Figure deſcrib'd, and its Point S, 


« uniformly forwards in right Lines. 


e In non- reſiſting Spaces or Mediums, if the Areas are not 
proportional to the Times, the Forces are not directed to the 
Point in which the Radii meet; but deviate therefrom in con/equentra, 
or towards the Parts to which the Motion is ditected, if the Deſorip- 
« tion of the Areas is accelerated; but in Antecedentia, of retarded.” 


« Cor. 2. And even in reſiſting Mediums, if the Deſcription of the 
* Areas is accelerated, the Directions of the Forees deviate from the 
Point in which the Radii meet, towards. the Parts to Eg hes _—_ 


tion tends, 
S. C HO LTU NI. 


A Body may be urged by a centripetal Force compounded of ſeueral 

*« Forces. In which Caſe the Meaning of the Propoſition is, that the 
Force which reſults out of all, tends to the Point 8, * * * 

nav. 
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I have. contriv'd a Machine to repreſent this mechanically, wherein a 
little Braſs Ball repreſenting a Planet, moves in an Ellipſe about a Body 
= repreſenting the Sun in one of the Foci of that Ellipſe, deſcribing, by a 
Radius vector, Areas proportional to the Time. N. B. I Hall give a Fi- 
gure and Deſcription of it at the End of this Volume. | 


That the centripetal Force is the [ame as Gravity. 


Sir Jaac Newton demonſtrates this in the 4th Propoſition of the third 
Book of his Principia. | | 


% PRO P. 4. THroR. 4. That the Moon pravitates towards the 
« Earth; and by the Force of Gravity is continually drawn off from a refi- 
linear Motion, and retain'd in its Orbit. | 1 


Sir Iſaac, having given an Account of the Moon's mean Diſtance, ac- 
cording to ſeveral Aſtronomers, in the Beginning of this Propoſition, goes 
on in theſe Words: Let us aſſume the mean Diſtance of 60 Semi- dia- 
« meters in the Syzygies; and ſuppoſe one Revolution of the Moon, in 
<« reſpect of the fix*d Stars, to be compleated in 27d. 7 h. 43 m. as 
* Aſtronomers have determined; and the Circumference of the Earth to 
« amount to 123249600 Paris Feet, as the French have found by Menſu- 
t ration. And now, if we imagine the Moon, deprived of all Motion, 
c“ to be let go, ſo as to deſcend towards the Earth, with the Impulſe of 
& all that Force, by which (by Cor. Prop. 3.) it is retained in its Orb; 
« it will, in the Space of one Minute of Time, deſcribe in its Fall 
« 15 r Paris Feet. This we gather by a Calculus, founded either upon 
« Prop. 36. Book 1. or (which comes to the ſame Thing) upon Car. g. 
« Prop. 4. of the fame Book. For the verſed Sine of that Arc, which 
« the Moon, in the Space of one Minute of Time, would by its mean 
« Motion deſcribe at the Diſtance of 60 Semi-diameters of the Earth, is 
ce nearly 15 + Paris Feet, or more accurately 15 Feet, 1 Inch, and 1 


« Line 4. Wherefore, ſince that Force, in approaching to the Earth, in- 


« creaſes in the reciprocal] duplicate Proportion of the Diſtance, and, 
te upon that account, at the Surface of the Earth, is 60 x 60 times great- 
„% er than at the Moon; a Body in our Regions, falling with that 
« Force, ought, in the Space of one Minute of Time, to deſcribe 
e 60 x 60 x 15 + Paris Feet; and, in the Space of one Second of Time, 
ce to deſcribe 15 * of thoſe Feet; or more accurately, 15 Feet, 1 Inch, 
« and 1 Line 3. And with this very Force, we actually find, that Bo- 
« dies here upon Earth do really deſcend. For a Pendulum oſcillating 
& Seconds in the Latitude of Paris, will be 3 Paris Feet, and 8 Lines + 
de in Length, as Mr. Huygens has obſerv'd. And the Space, which an 
& heavy Body deſcribes by falling in one Second of Time, is to half the 
Length of this Pendulum, in the duplicate Ratio of the Circumference 


« of a Circle to its Diameter, (as Mr. Hu gens has alſo ſhewn ;) and is there- 
g « fore 
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fore 15 Paris Feet, 1 Inch, 1 Line 3. And therefore the Force, by Annotat. 
©*« which the Moon is retain'd in its Orbit, becomes, at the very Surface Lect. V. It 
& of the Earth, equal to the Force of Gravity, which we obſerve inn 1 
heavy Bodies there. And therefore (by Rule 1. and 2.) the Force by 
« which the Moon is retained in its Orbit, is that very ſame Force, which | 
«© we commonly call Gravity. For, were Gravity another Force different # 


CU abate 
my . 


£ 


La) 


YL 


1 5 


© 


A 


from that; then Bodies deſcending to the Earth, with the joint Impulſe 
cc of both Forces, would fall with a double Velocity, and in the Space of 1 
& one Second of Time, would deſcribe 30+ Paris Feet; altogether againſt Ill 
« Experience, &c. 1 ZE [1 
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ec The Demonſtration of this Propoſition may be more diffuſely ex- 
plained after the following manner: Suppoſe ſeveral Moons to revolve 
about the Earth, as in the Syſtem of Jupiter or Saturn; the periodic 
Times of theſe Moons (by the Argument of Induction) would obſerve the If! 
ſame Law which Kepler found to obtain among the Planets ; and there- 
ce fore their centripetal Forces would be reciprocally as the Squares of the 
« Diſtances from the Center of the Earth, by Prop. 1. of this Book. Now, 
c if the loweſt of theſe was very ſmall, and was ſo near the Earth, as | | | 
« almoſt to touch the Tops of the higheſt Mountains; the centripetal li 
«© Force thereof, retaining it in its Orb, would be very nearly equal to = - 
« the Weights of any terreſtrial Bodies, that ſhould be found upon the = 
Tops of thoſe Mountains, as may be known by the foregoing Computa- [ 

„ tion. Therefore, if the ſame little Moon ſhould be deterted by its cen- 
<« trifugal Force, that carries it through its Orbit, and ſo be diſabled 
« from going onwards therein, it would deſcend to the Earth; and that 


Lad 


% 


A 


o 


a 


c 


** 


4 c 


23 pet eggs ry ͤ— re 


* 


* 


A ˙——— —— 2 — * _ 


« with the ſame Velocity as heavy Bodies do actually fall with, upon the 
* Tops of thoſe very Mountains; becauſe of the Equality of the Forces 
cc 
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that oblige them both to deſcend. And, if the Force by which that 1 
« loweſt Moon would deſcend, were different from Gravity; and if that | | 
«© Moon were to gravitate towards the Earth, as we find terreſtrial Bodies 


% do upon the Tops of Mountains, it would then deſcend with twice the | 

Velocity, as being impelled by both theſe Forces conſpiring together. = 

«© Therefore, ſince both thoſe Forces, that is, the Gravity of heavy Bodies, = 

and the centripetal Forces of the Moons, reſpect the Center of the Earth, = 

and are ſimilar and equal between themſelves, they will (by Rule 1. I : 

6 and 2.) ＋ have one and the ſame Cauſe. And therefore the Force, which + See che Be = 

* retains the Moon in its Orbit, is that very Force, which we commonly giz#ng ef Ser 2 

call Gravity; becauſe, otherwiſe, this little Moon at the Top of a —_ ford 3 
Mountain, muſt either be without Gravity, or fall twice as ſwiftly as = 
„ heavy Bodies uſe to do. 1 
7. [40. Page 361, 362. Since the Angles, &c. only decreaſe half = A 


way from A to P, &c. And the Angles, &c. — only increaſe half way from | BM 
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Annotat. P to A, &c.] This will be made evident by proving, chat the Angle 


made by a Line drawn from either of the Foci, to any Point in the Peri- 

hery of an Ellipſe, and the Tangent to the Curve in that Point, will be 
the leaſt poſſible, or at its Minimum, when that Point is at either of the 
Ends of the leſſer Axis; that is, SHT “ is leſs than S 17. And this we 
ſhall prove by the Help of the two following Lemmata. 


LEMMA I. 
In every quadrilateral Figure, inſcribed in a Circle, the Sum of the to 


Rettangles form'd by the oppaſite Sides, are equal to the Rectangle form'd by 


the two Diagonals of that quadrilateral Figure. | 
This is a known Property of the Circle, and has been demonſtrated by 


Ptolemy, and others; that is, ACxDB+BCxAD <ABxiDC 5 | 


| L E M M A Il. 
If an Arc of a C ircle be divided into two equal, and into two unequar Paris; 


IT ſay, that the Sum of the Chords of the two equal Arcs, will always be 


greater than the Sum of the Chords of the two unequal Arcs. That is, if the 
Arc A CK B is divided into two equal Parts at C, and into unequal Parts 
at K; AC+CB is greater than AK + KB. 


In order to prove this; through C and the Center &, draw the Diameter 


CD, and the Diagonals and Chords AB, DK, AD, BD. It is evi- 
dent (by the 2d and 29th of the 3d of Eucl.) AD=BD, and they may 
be ſubſtituted for one another. It is evident alſo, that D K will always 
be leſs than C D (by Eucl. 15th of the 3d.) Now by the laſt Lemma 


AKxDB+KBxAD= ABxDK; now ſince D K has been prov'd 
leſs than D C, it muſt follow, that AB x D C is greater than AB x D K; 


therefore ACxXDB+BCxA D is greater than AK x DBA K BX AD; 
and ſince the Factors DB and A D are equal, it muſt follow, that 
AC+CB is greater than AK ＋ K B. | 

Let a Circle in Fig. 10. be deſcrib'd paſſing through the Points 8, H, , tis 
evident (by Eucl. 211t of the 3d) that the Angle S H and S M, are equal; 


and tis evident by the 2d Lemma, that S H+ Hs, is greater than S M+ Ms. 


Now by the Property of the Ellipſe S I +Is is always equal to SH + H, 
being always equal to AP; it muſt thereforc follow, that ST+TI s is 
greater than S M M 5: whence it appears, that the Point I is out of 
the Circle SH M s, and therefore the Angle STIs is leſs than S M, or 
its equal SHs. Now by the Property of the Elliple demonſtrated in 
all the Conick Writers (vide Elementa Conicorum Lud. Trevigar. Lib. 2. 
Prop. 10.) the Angles Ig and SI 7 are equal, and 5 H G is equal to 


SHT; therefore, ſince 51S is leſs than 5 HS, it muſt follow, that 


SI z, is greater than SHT ; and what has been prov'd of I, may be 
prov'd of the Point F, or any other Point in the Semi-ellipſe A HP; 
therefore the Truth of the Propoſition advanced is demonſtrated. 

| | 8. [42. 
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8. [42. Page 


where his general Scholium begins. The Reader may be fully ſatisfied a- 
bout Comets by conſulting thoſe Authors. However, it may not be im- 
proper to give a ſhort Account of them here, by way of Abſtract, 


| COMETS are a Sort of excentrick Planets, which move in very 


long Ellipſes about the Sun in one of the Foci of thoſe Ellipſes, whoſe . 


periodical Revolutions take up ſuch a long Space of Time, that the ſame 
Man has never yet ſeen the ſame Comet twice. So that the Aſtronomy 

of Comets is but lately brought to any tolerable Perfection, for want of 
a ſufficient Number of Obſervations: And the Accounts we have of 
them in former Ages, are from Hiftorians, and not Aſtronomers; which 


laſt, while they took pains to obſerve the Planets and fix'd Stars, neglect- 


ed ſuch Comets as appeared in their Times, being carried away with the 
Opinion, that they were only Meteors near the Earth, and not to be rec- 
koned among the celeſtial Bodies. But in the laſt Age, Comets were firſt 
found to be higher than the Moon, and conſequently to belong to rhe 
heavenly Bodies; and for about 70 Years laſt paſt, Aſtronomers have been. 
very diligent in obſerving ſuch as have appear'd. Sir Jſaac Newton, from 
his own Obſervations, and thoſe of others, has given a Method how, 
from only three Obſervations of a Comet, made at different Times, to 
find out all that Part of its Orbit, in which it will continue viſible to us; 
and Dr. Halley has firſt ſnewn, that the ſame Comet returns again after a 
certain Number of Years, and that the whole Orbit is elliptical. From 
Aſtronomers and Hiſtorians, we are inform'd of 25 Appearances of Co- 
mets within theſe laſt 400 Years, tho' the Comets belonging to our Sy- 
ſtem may be fewer in Number; becauſe the ſame Comets have been ſeen 
ſeveral times, but were not known to be the ſame, till Dr. Halley ſnew'd it, 
and ſettled the Orbits of three of them; making out, that the Comet ſeen in 
1661 had been ſeen before, and obſerv*d to go the ſame Way, in the Year 
1532 3 Which makes its Period to be of 129 Years. The Comet ſeen in 
the Year 1680 and 1681, appear'd before, in the Year 1106, ſo that its 
Period is about 575 Years. Laſtly, The Comet of 1682 appeared in the 
Year 1607 and 1531, which ſhews its Period to conſiſt of 75 Years. So 
that the Number of the Comets which have been ſeen will be reduced to 
22. And if, according to Mr. Hhiſton's Conjectures, the Comet of 1682, 
appear'd alſo in 1456; and that of 1681 in 532, as alſo 44 Years before 
the Chriſtian Ara, as Sir Jſaac Newton and Dr. Halley have ſince diſco- 
ver'd, the Number will not be increas'd, ſince thoſe Periods are before 
the Time of the firſt of the 25. But yet we cannot ſay, there are but 


22, becauſe ſeveral of them may have been at ſuch a diſtance from the 
Earth, 
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364. Comets — are = Planets moving in very excentrick Annotat. 
Orbits, &c.] One may have a full Account of Comets, and their Mo- Lect. V. 
tions, in Dr. Halley's Treatiſe of Comets, which was firſt printed by it 
ſelf, and then reprinted at the End of the Exgliſb Tranſlation of Dr. 
Gregory's Aſtronomy ; as alſo in Sir Iſaac Newton's 3d Book of his Prin- 
cipia, from the Beginning of the 39th Prop. to the End of the 42d, 


428 
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Earth, as to have eſcap'd Obſervation z as the laſt might have done, if 


Lect. IV. the Right Honourable the Lord Paizley had not diſcovered the laſt by 
[ chance in the Lear 172 3, and given notice of it to other Aſtronomers, that 


they might alſo obſerve it. 
The Comets are reckon*d not to be leſs than the Moon, nor much big- 
er than Venus; and thoſe are the leaſt, which come neareſt to the Sun, 
leſt they ſhould agitate the Sun too much, as they come by it at their Pe- 


ribelion, and likewiſe diſturb thoſe Planets which are near the Sun. That 
they are not very large appears, becauſe they are not viſible till they come 


nearer to us than Jupiter s Orbit ; for as they are opake Bodies, that re- 
fect Light from the Sun, they muſt have been ſeen as far as n if they 
had been as big. 

Whereas all the Planets have the Planes of R Orbits i in, or near, the 
Plane of the Ecliptick, the moſt inclin'd making an Angle but of few 
Degrees; the Comets have their Orbits inclin'd to the Ecliptick in very 


great Angles, moving towards all Parts of the Heavens; and by that 


means are leſs liable to diſturb the Planets, becauſe they come but twice in 
one Revolution into the Plane of the Ecliptick, and when they are at 
their Aphelia, very diſtant from the Sun, they are alſo very diſtant from 
each other, and thereby not ſo ſubject to attract each other with ſufficient 


Force to diſturb one another's Orbits ſenſibly ; for when they move very 
- lowly at their Apbelia, they are eaſily drawn out of their uſual Courſe. 


Comets are conſiderably rarer than the Planets ; for if they were as ſo- 
lid, they would not have thoſe Tails, which are obſervable, as they come 
near enough to be warm*d by the Sun, with a Degree of Heat, ſome- 
thing leſs than that of the Planet Mars : Thoſe Tails | being Vapours rais'd 
from their Nucleus, or Globe, ſo as to make a very large Atmoſphere, 
whoſe Particles being thrown off on that Side, which is ; oppoſite to the 
Sun, give that Appearance, which is call'd a Tail, when we lee it at right 
Angles, or at any great Angle; a Beard, when we ſee it obliquely, and a Co- 
ma or Hairineſs, when we ſee it with ſo great an Obliquity, as to bealmoſt 
in the Line of its Axis, ſo that the Vapour appears to encompaſs the Comet 
like a Periuig, or Head of Hair. And theſe three Appearances are owing to 
the different Poſitions of the Earth in reſpect of the Comet; for a Tail of 
the fame Bigneſs varies optically according to the Poſition of the Eye. 

But then the Tail it ſelf is continually changing; ; for often the Comet 
begins to appear without any ſenſible Tail, and by degrees the Tail is ge- 


nerated, and increaſes continually, as the Comet comes nearer to the Sun, 


and is the biggeſt of all when the Comet is juſt paſt the Peribelion, having 


then receiv*d its greateſt Degree of Heat. 

If the celeſtial Spaces, in which the Comets move, were not void of 
Matter, we could not ſee their Tails, becauſe they are abundantly rarer 
than our Air, ſince one may plainly ſee the fix*d Stars through them. As 
we ſee the Light of the Sun reflected from thoſe Particles that float about 
in the Air, when a Sun-beam of x or 2 Inches wide is let into a dark 


Room; ſo is the Light of the Sun-beams 2 to us from the Parti- 
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A Courſe of Experimental Philoſophy. 


cles of the Tails of Comets, becauſe there is no other ſenſible Matter near Annotat. 
them: For if there was a celeſtial Matter about them, tho* 50000 times Lect. IV. 


rarer than our Air, it would reflect Light enough to confound that re- 
flected from the Tail of the Comet in one undiſtinguiſh'd Glare: So that 
Comets would not appear to have any Tails at all; or, at moſt, but very 
ſmall ones. 

The Particles or Vapours, that form the Tail, ſeem to be at firſt dart- 
ed every way from the Comet; but on that Side, which is towards the 
Sun, they turn back again in parabolick Lines, ſo as to go on the contrary 
way, and to help to increaſe the Tail on the Side oppoſite to the Sun, 


as if the Sun's Rays gave them an Impulſe, and drove them that way. 


The 12th Figure of Plate 28, repreſents a Comet, and the lower Part of 
its Tail, as Dr. Hook carefully obſerv'd it through a Teleſcope near its Pe- 
ribelion, with the purer Part of its Atmoſphere, winding it ſelf into the 


Tail, and the cloudy Part of it plac'd round about the central Solid. But, 


as the Comet of 1680 and 168 1 was the moſt remarkable, and moſt nicely 
obſerv'd by Sir 1ſaac Newton, and many other Aſtronomers; it will be 
ſufficient to give an account of that, and the Figure of that Part of its 
Orbit, wherein it was viſible to us, ſuch as Sir [/aac Newton has given it in 
the laſt Edition of his Principia. And, as I can't give his Senſe better 
than in his own Words, I ſhall take the liberty to make uſe of them. 


« ] have given (PI. 28. Fig. 13.) a true Repreſentation of the Orbit, 
« which this Comet 'defcrib'd, and of the Tail which it emitted in ſeve- 
e ral Places, in the annexed Figure; protracted in the Plane of the Tra- 
« jectory. In this Scheme AB C repreſents the Trajectory of the Co- 
« met, D the Sun, D E the Axis of the Trajectory, DE the Line of 
e the Nodes, GH the Interſection of the Sphere of the Orbit of the 
« Farth, with the Plane of the Trajectory, I the Place of the Comet, 


„ Nev. 4: Anno 1680. K the Place of the ſame, Nov. 11. L the Place 


« of the ſame, Nov. 19. M its Place, Dec. 12. N its Place, Dec. 21. 
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— mn 


Pl. 28. F. 12. 


Pl. 28. F. 13. 


« O its Place, Dec. 29. P its Place, Jan. 5. following. Q its Place, 


Jan. 25. R its Place, Feb. 5. S its Place, Feb. 25. T its Place, March 
« g. And V its Place, March 9. In determining the Length of the Tail, 
6 made the following Obſervation. | | 
 « Nov, 4. and 6. the Tail did not appear; Nov. 11. the Tail juſt be- 
« gan to ſhew it ſelf, but did not appear above half a deg. long, through 
8 < D D D 

« 10 Foot Teleſcope; Nov. 17. the Tail was ſeen by Pontheus more 
« than 15 deg. long, Sc.“ | 


Then Sir Iſaac proceeds, in giving an Account of ſeveral Perſons, as 
well as himſelf, who obſerv'd the Tail, and all its Changes, in Increaſe 
and Decreaſe, as it appear*d to them in ſeveral Countries; and at laſt he 
goes on thus, | 

- s. 
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A Conrſe of Experimental Phileſophy. 
& Feb. 25. the Comet _ without a Tail, and ſo it continued till it 


diſappear' d. | | | 
« Now, if one reflects upon the Orbit deſcrib'd, and duly conſi- 
ders the other Appearances of this Comet, he will be eaſily ſatisfied, 


that the Bodies of Comets are ſolid, compact, fix'd, and durable, like 


the Bodies of the Planets. For, if they were nothing elſe, but the 


Vapours of Exhalations of the Earth, of the Sun, and other Planets, 
this Comet in its Paſſage by the Neighbourhood of the Sun, would 
have been immediately diſſipated. For the Heat of the Sun is as the 
Denſity of its Rays; that is, reciprocally as the Square of the Diſ- 
tances of the Places from the Sun. Therefore, ſince on Dec. 8. wh:n 
the Comet was in its Peribelion, the Diſtance thereof from the Center 
of the Sun, was to the Diſtance of the Earth from the ſame, as about 
6 to 1000; the Sun's Heat on the Comet was at that time to the 
Heat of the Summer's Sun with us, as 1000000 to 36, or as 28000 to 


1. But the Heat of boiling Water is about 3 times greater than the 


Heat, which dry Earth acquires from the Summer Sun, as I have 


try*d; and the Heat of red-hot Iron (if my Conjecture is right) is about 


three or 4 times greater than the Heat of boiling Water. And therefore 
the Heat which dry Earth on the Comet, while in its Peribelion, 
might have conceived from the Rays of the Sun, was about 2000 times 
greater than the Heat of red-hot Iron. But by ſo fierce a Heat, 
Vapours and Exhalations, and every volatile Matter, muſt have been 


immediately conſum'd and diflipated. | 


„This Comet, therefore, muſt have conceiv'd an immenſe Heat from 


the Sun, and retain that Heat for an exceeding long Time. For a 
Globe of Iron of an Inch diameter, expos*'d red-hot to the open Air, 
will ſcarcely loſe its Heat in an Hour's time; but a greater Globe 
would retain its Heat longer in Proportion of its Diameter, becauſe the 


Surface (in Proportion to which it is cool'd by the Contact of the am- 


bient Air) is in this Proportion leſs, in reſpect of the Quantity of 
the included hot Matter. And therefore a Globe of red-hot Iron, e- 


qual to our Earth, that is about 40000000 Feet in Diameter, would 


ſcarcely cool in an equal Number of Days, or in above 50000 Years. 


But I ſuſpect, that the Duration. of Heat may, on account of ſome. 


latent Cauſes, increaſe in a yet leſs Proportion, than that of the Dia- 
meter; and I ſhould be glad, that the true Proportion was-inveſtigated 
by Experiments. 5 

« It is further to be obſerv'd, that the Comet in the Month of De- 
cember, juſt after it had been heated by the Sun, did emit a much 


longer Tail, and much more ſplendid, than in the Month of November 


before, when it had not yet arriv'd at its Peribelion. And univerſally, 
the greateſt and moſt fulgent Tails always ariſe from Comets, imme- 
diately after their paſſing by the Neighbourhood of the Sun. There- 
fore the Heat receiv'd by the Comet, conduces to the Greatneſs of the 
Tail. From whence, I think, I may infer, that the Tail is ny 
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A Courſe of Experimental Philoſophy. 
« elſe but a very fine Vapour, which the Head, or Nacleus of the Comet Annotat. 
emits by its Heat, c. | 


After this, our incomparable Author gives an Account of three ſeveral 


Opinions concerning the Tails of Comets; and having refuted two of 
them, goes on to prove the third (which is alſo his own) in theſe 


Words 


La 
La 


cc 
cc 
«6 


« That the Tails of Comets do ariſe from their Heads, and tend to- 
wards the Parts oppoſite to the Sun, is further confirm'd from the 
Laws, which the Tails obſerve. As, that lying in the Planes of the 
Comets Orbits, which paſs through the Sun, they conſtantly deviate 
from the Oppoſition of the Sun towards the Parts, which the Comets 
Heads in their Progreſs along theſe Orbits have left. That to a Spec- 
tator, placed in thoſe Planes, they appear in the Parts directly oppoſite 
to the Sun; but as the Spectator recedes from theſe Planes, their De- 
viation begins to appear, and daily becomes greater. That the Devi- 
ation, cæteris paribus, appears leſs, when the Tail is more oblique to 
the Orbit of the Comet, as well as when the Head of the Comet ap- 
proaches nearer to the Sun; eſpecially, if the Angle of Deviation is 
eſtimated nearer the Head of the Comet. That the Tails, which have 
no Deviation, appear ſtrait ; but the Tails which deviate, are likewiſe 
bent into a certain Curvature, That the Curvature is greater, when 


the Deviation is greater; and is more ſenſible, when the Tail, ceteris 


paribus, is longer: For in the ſhorter Tails, the Curvature is hardly to 


be perceiv'd. That the Angle of Deviation is leſs near the Comet's 


Head, but greater towards the other End of the Tail; and that, be- 
cauſe the convex Side of the Tail regards the Parts, from which the De- 
viation is made, and which lie in a right Line, drawn out infinitely 
from the Sun, through the Comet's Head. And that the Tails, that 
are long and broad, and ſhine with a ſtronger Light, appear more re- 
ſplendent, and more exactly defin'd on the convex than on the concave 
Side. Upon which accounts, it is plain, that the Phenomena of the 


"Tails of Comets depend upon the Motions of their Heads, and by no 


means upon the Places in the Heavens in which their Heads are ſeen ; 


and, that therefore the Tails of Comets do not proceed from the Re- 


fraction of the Heavens, but from their own Heads, which furniſh the 
Matter that forms the Tail. For as, in our Air, the Smoak of a heated 
Body afcends, either perpendicularly, if the Body is at Reſt, or oblique- 
ly, if the Body is moved obliquely; ſo in the Heavens, where all Bodies 
gravitate towards the Sun, Sinoak and Vapour mult (as we: have already 
ſaid) aſcend from the Sun, and either rite perpendicularly, if the ſmoak- 
ing Body is at reſt; or obliquely, if the Body in all the Progreſs of 
its Motion, is always leaving thoſe Places, from which the upper or 


higher Parts of the Vapour had riſen before. And that Obliquity wilt 


be laſt, where the Vapour aſcends with moſt Velocity, to wit, near the 
; | * {moaking 


45 
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Annotat. © ſmoaking Body, when that is near the Sun. But becauſe the Obliquity 


Lect. V. © varltes, the Column of Vapour will be incurvated; and, becauſe the Va- 
A © pour in the preceding Side, is ſomething more recent, that is, has aſ- 


* cended ſomething more late from the Body, it will therefore be ſome- 
<: thing more denſe on that Side, and muſt on that account reflect more 
« Light, as well as be better defin'd. Ep | 
Then Sir J/aac, ſhewing how very rare our Air muſt be at the Diſtance 
of one Semi-diameter of the Earth from its Surface; makes uſe of it, 
as an Argument, to ſhew, that a very ſmall Quantity of Air and Vapour 
is abundantly ſufficient to produce all the Appearances of the Tails of Co- 
mets. Then goes on ſhewing ——< That we may pretty nearly determine 
„ the Time ſpent during the Aſcent of the. Vapour from the Comet's 
«© Head, to the Extremity of the Tail, by drawing a right Line from 
e the Extremity of the Tail to the Sun, and marking the Place where 


<« that right Line interſects the Comet's Orbit. For the Vapour, that is 


* now in the Extremity of the Tail, if it has aſcended in a right Line 
from the Sun, muſt have begun to riſe from the Head, at the Time 
« the Head was in the Point of Interſection. It is true, the Vapour 
e does not riſe in a right Line from the Sun, but retaining the Motion, 
« which it had from the Comet before its Aſcent, and compounding that 
« Motion with its Motion of Aſcent, ariſes obliquely. And, therefore, 
% the Solution of the Problem will be more exact, if we draw the Line, 
« which interſects the Orbit, parallel to the Length of the Tail; or rather 
& (becauſe of the curvilinear Motion of the Comet) diverging a little from 
the Line or Length of the Tail. And by means of this Principle, I found, 
„ that the Vapour, which Far. 25. was in the Extremity of the Tail, 


« had begun to riſe from the Head before Dec. 11. and therefore had 


de ſpent in its whole Aſcent 45 Days; but that the whole Tail, which 
« appear*d on Dec. 10. had finiſh'd its Aſcent in the ſpace of the two 
« Days then elapſed from the Time of the Comet's being in its Peribelion. 
„The Vapour, therefore, about the Beginning, and the Neighbour- 
« hood of the Sun, roſe with the greateſt Velocity, and afterwards con- 
e tinu'd to aſcend with a Motion conſtantly retarded by its own Gravity; 
& and the higher it aſcended, the more it added to the Length of the 
% Tail. And while the Tail continu'd to be ſeen, it was made up of 
almoſt all that Vapour, which had riſen ſince the Time of the Comet's 
« being in its Peribelion; nor did that Part of the Vapour, which had 
„ riten firſt, and which form'd that Extremity of the Tail, ceaſe to ap- 
„ pzar, till its roo great Diſtance, as well from the Sun, from which it re- 


& ceiv*d its Light, as from our Eyes, render'd it inviſible. Whence allo 


* 
- 


« jt is, that the Tails of other Comets, which are ſhort, do not riſe 


« from their Heads, with a ſwift and continual Motion, and ſoon after 
diſappear; but are permanent and laſting Columns of Vapours and Ex- 
% halations; which aſcending from the Heads with a flow Motion of ma- 
„ny Days, and partaking of the Motion of the Heads, which on 
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from the Beginning, continue to go along together with them through Annotar. 
«© the Heavens. From whence again, we have another Argument proving Lect. V. 

<« the celeſtial Spaces to be free and without Reſiſtance ; ſince in them, wm 
not only the ſolid Bodies of the Planets and Comets, but alſo the ex- 
tremely rare Vapours of Comets, Tails, maintain their rapid Motions 
with great Freedom, and for an exceeding long Time.” 


Then after having ſhewn, why the Tails of Comets, when they are ve- 


ry near the Sun, riſe to fuch prodigious Heights from their Heads, and 
yet do not quit the Heads in the Motion of the Comets; he goes 
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ce The Tails, therefore: that riſe in the Peribelion Poſitions of the Co- 
mets, will go along with their Heads into far remote Parts, and toge- 


ther with the Heads will either return again from thence to us, after 


a long Courſe of Years; or rather, will be there rarified, and by de- 
grees quite vaniſh away. For afterwards, in the Deſcent of the Heads 
towards the Sun, new ſhort Tails will be emitted from the Heads with 
a ſlow Motion; and thoſe Tails by degrees will be augmented im- 
menſely, eſpecially in ſuch Comets as in their Peribelion Diſtances de- 
ſcend as low as the Sun's Atmoſphere. For all Vapour in thoſe free 
Spaces, is in a perpetual State of Rarifaction and Dilatation. And 
from hence it is, that the Tails of all Comets are broader at their up- 
per Extremity, than near their Heads. And it is not unlikely, but 
that the Vapour, thus perpetually ranfy*'d and dilated, may be at laſt 
diſſipated, and ſcatter*d through the whole Heavens, and by little and 


little be attracted towards the Planets, by its Gravity, and mix'd with 


their Atmoſphere. For, as the Seas are abſolutely neceſſary to the Con- 
ſtitution of our Earth, that from them the Sun, by its Heat, may ex- 
hale a ſufficient Quantity of Vapours, which being gathered together 
into Clouds, may drop down in Rain, for watering of the Earth, and 
for the Production and Nouriſhment of Vegetables; or being conden- 
ſed with Cold on the Tops of Mountains (as ſome Philoſophers with 
Reaſon judge) may run down in Springs and Rivers; fo for the Conſer- 
vation of the Seas, and Fluids of the Planets, Comets ſeem to be re- 
quir'd, that from their Exhalations and Vapours condens'd, the Waſtes 
of the Planetary Fluids, ſpent upon Vegetation and Putrefaction, and 
converted into dry Earth, may be continually ſupply'd and made up, 


For all Vegetables entirely derive their Growth from Fluids, and after- 
wards in great meaſure are turn'd into dry Earth by Putrifaction, and 


a Sort of Slime is always found to ſettle at the Bottom of putrified 
Fluids. And hence it is, that the Bulk of the ſolid Earth is conti- 


nually increaſed, and the Fluids, if they are not ſupply'd from without, 


muſt be in a continual Decreaſe, and quite fail at laſt, I ſuſpe& more- 
over, that *tis chiefly from the Comets that Spirit comes, which is in- 
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deed the ſmalleſt, but the moſt ſabtil and uſeful Part of our Air, and 
ſo much requir'd to ſuſtain the Life of all things with us. £ 
„ The Atmoſpheres of Comets, in their Deſcent towards the Sun, by 
running out into the Tails, are ſpent and diminiſh'd, and become nar- 
rower, at leaſt on that Side, which regards the Sun; and in receding 


from the Sun, when they leſs run out into the Tails, they are again 


enlarged, if Hevelius has juſtly mark'd their Appearances. But they 
are ſeen leaſt of all, juſt after they have been moſt heated by the Sun, and 
on that account then emit the longeſt and moſt reſplendent Tails, and 

rhaps at the ſame time the Nuclei are environ'd with a denſer and 
blacker Smoak, in the lowermoſt Parts of their Atmoſphere. For 
Smoak, that is raiſed: by a great and intenſe Heat, is commonly the 
denſer and blacker; thus the Head of that Comet, which we have 
been deſcribing, at equal Diſtances both from the Sun and from the 
Earth, appear d darker after it had paſs'd by its Peribelion, than it did 
before. For in the Month of December it was commonly compar'd 
with the Stars of the. third Magnitude; but in November, with thoſe 


of the firſt or ſecond, And ſuch as ſaw both Appearances, have de- 


ſcrib'd the firſt, as of another and greater Comet than the Second”. 


Sir aac confirms this, by the Obſervations of ſeveral Aſtronomers ; 


then gives a Problem concerning a Comet's Trajectory (to which, and all 
that we have omitted of his on that Subject, I refer the mathematical 
Reader) and ſeveral Tables of Obſervations of Comets Places; and at laſt 


he ſpeaks in general of Comets in the following Words : 


A 
* 


<« Becauſe of the great Number of Comets, of the great Diſtance of 


their Apbelia from the Sun, and of the Slowneſs of Motions in the 
Aphelia, they will by their mutual Gravitations, diſturb each other : So 
that their Excentricities, and the Times of their Revolutions will be 


ſometimes a little increaſed, and ſometimes diminiſhed. © Therefore we 


are not to expect, that the ſame Comet will return exactly in the ſame 
Orbit, and in the ſame periodick Times. It will be ſufficient, if we 


* find the Changes no greater, than may ariſe from the Cauſes juſt ſpoken 


of. 


And hence a Reaſon may be aſſign'd, why Comets are not compre-, 


hended within the Limits of a Zodiack as the Planets are; but being 


confin'd to no Bounds, are with various Motions diſperſed all over the 


Heavens; namely, to this Purpoſe, that in their Aphelia, where their 
Motions are exceeding ſlow, receding to greater Diſtances one from 
another, they may ſuffer leſs Diſturbance from their mutual Gravita- 
tions. And hence it is, that the Comets, which deſcend the loweſt, 
and therefore move the ſloweſt in their Aphelia, ought alſo to aſcend the 


higheſt. | 
"Te 


tee Ian ae 
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* The Comet, which appeared in the Year 1680, was in its Peribelion, 
4 leſs diſtant from the Sun, than by a ſixth Part of the Sun's Diameter; 
cc and becauſe, of its extreme Velocity in that Proximity to the Sun, and 


. 
- 


ET 1 
- es. 


< ſiſtance and Retardation; and therefore, being attracted ſomething near- 

er to the Sun in every Revolution, will at laſt fall down upon the Body 
of the Sun. Nay, in its Aphelion, where it moves the ſloweſt, it may 
«© ſometimes happen to he yet farther retarded by the Attractions of other 
Comets, and in F this Retardation deſcend to the Sun. So 
fixed Stars, that have been gradually waſted by the Light and Vapours 
emitted from them for a long time, may be recruited by Comets that 
fall upon them, and from this freſh Supply of new Fuel, thoſe old 
Stars acquiring new Splendor, may paſs for new Stars. Of this kind 
< are ſuch fix'd Stars as appear on a ſudden and ſhine with a wonderful 
-«* Brightneſs at firſt, and afterwards vaniſh by little and little.“ 


9. (46. Page 367.——Aiomn and Re-action are equal and contrary, as well 
in the Repulſions as Attrattions.] So the Gravitation betwixt the Earth and 
its Parts is equal; for if we ſuppoſe the Earth FE HIK * to be divided 
into two. equal Parts, it is evident, that thoſe Parts would come together 
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& ſome parry Se the San's Atmoſphere, it muſt have ſuffer'd ſome Re- 


* 


Pl. 28. F. 14: 


with equal Forces. But if they be divided into two unequal Parts, viz. 


EFG and EIG by a Plane as EG; they will then alſo gravitate, or 


preſs towards one another with equal Forces (ſee Le#. 1. NS. rr.) for if L. 1. Ne. 11. 


we cut off from the Part EI G, the ſmaller Part HIK equal to EF G; 
then will the greater Part EG HR, become the Obſtacle, upon which the 
two equal Quantities. of Matter E FG and HIK do preſs, whilſt it ſelf 
remains in Aquilibrio between them. If we were to ſuppoſe EF G to be ſe- 
parated from EI G, in their Tendency towards each other by their Gra- 

vity, the little one would move fo much faſter towards the great one, 
as it has leſs Matter than the great one; ſo that the Momentum being 
equal in both, they will at meeting come to Reſt, deſtroying each other's 
Motion. For if the great one had more Force, it would go in inſinitum, 
carrying E F G before it in the Direction IF. 


The better to illuſtrate the Law of Action and Re- action, I think it may 


not be improper, to give ny Reader the following Problem, communicated'to 
me by a Fm, © 000555 + ti 39T 640 e ot 11059 U 33 
1 PROBLEM. 


To find what is the Force with which the Breech of a Cannon is acled upon, 

as it ſhoots but 4 24 lib. B.. in 209% 2 gt 11 
According to Merſennus, a 24 Pounder; weighing 6400 lib. it gives its 

Ball an uniform Velocity of 600 Paris Feet in a Second, which makes 


640 Engliſh Feet. Now, let the Weight of the Cannon be called = c = 
je | ons . e - 6400 lib. 


4 
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Annotat. 6400 lib. the Weight of the Ball = & = 24 lib. and the uniform Velocity, 

Lect. V. which the Powder gives it V. = 640 Feet in a Second, the Velocity of 

tue Cannon = 2. The Momenta of the Cannon, and the Ball given by the 

fame Force of Powder, will be equal; therefore c « = b:V ; conſequently, 

6400 : 24 :: 640: 2,4 =#4 = the Velocity of the Cannon, if it recoiFd on 

an horizontal Plane perfectly ſmooth. But if the Cannon cannot recoil, the 

Force of the Powder acting but by way of Preſſure, will give the Cannon, 

a Shock, with a, Force, as 15630 = 6400 x 2,4. Therefore, when the 

Cannon recoils, Part of the Force of the Powder is employ*d' in. giving it 

a Velocity of 2, 4 Feet in a Second, and the remaining Part acts upon the 

Cannon by way of Preſſure. If then we would find how much the whole 

Preſſure 13630 is diminiſh*d, when the Recoil is of 2,4 Feet in a Second; 

ſince. the whole Preſſure is to the partial Preſſure, as the whole Velocity is 

to the partial Velocity, the two Parts will be, as 640 — 2, 4: is to 2,4 3 or 

: as 637,6: is to 2,4; or as 796: 3. Therefore we muſt divide 15630 in 

| the ſame Proportion, making 797: 3 :: 156g0 — : *; conſequently 797 

＋ 3 (800) 3:: 15630: x= 57,6; which Quantity being taken from 
15630, leaves a Preſſure as 15572,4 when the Cannon recoils freely. But the 

Platform of the Battery not being perfectly ſmooth, and commonly riſing 

backwards, the Recoil of the Cannon, which in ſuch a Caſe is oblig*d to 

riſe, will be ſo little, that one may conſider very near the whole Force of 

15630 as acting on the Cannon, and whatever ſtops it from recoiling. 

Now, as it is not ſufficient, only to compare the Weights and Velocities 
of the Ball and Cannon (becauſe the Force, which is expreſs*d by the Num- : 
ber 15630, might have been expreſs'd by any other Number, as it would 
have been by 184320, if we had taken 7680 Inches, inſtead of 640 Feet 2 
in a Second for the Velocity of the Ball) we muſt ſhew, what Weight A 
exprels'd in Number, of Pounds preſſing upon the Cannon, as a Weight 5 
laid on, is equal to the Force with which the Powder preſſes the Gun from | 
within, as it throws out the Ball; which will be thus found. Let us ſup- 
poſe the Length of the Cannon within to be of 12 Feet, and that the 
Powder, as it expands in firing, drives out the Ball with a Velocity uni- 
formly accelerated, ſo that the Ball, when out of the Cannon, ſhall by an 
uniform Velocity move 24 Feet in the ſame time, that it mov'd 12 Feet 
in the Cannon by the accelerated Velocity. Therefore as the Ball, by 


that uniform Velocity, moves 640 Feet in a Second, it ſpends but => and 


4. 


3 of a Second in moving 24 Feet, and conſequently ſpends but 1 in run- 
| ; „ | 262. 
ning the Length of the Inſide of the Cannon. Now, ſince by accelerated 
Velocities the Spaces gone through, are as the Squares of the Times 
ol aL. 2 3 . e 5 
then will — h be to 1 Second: Or, 1 : tO 263 N + 71 Iz) :: as 12 Feet: | 
to 8533 4 Feet, which the Ball would go in a Second with the accelerated 
Velocity, which it has in the Cannon. If therefore Gravity, with an ac- 
1 dc | cCelerated 
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elerated Force of 16 Feet in a Second, gives the Ball a Force of 24 lib. 


Weight; the Action of the Powder, which is capable of giving it in the 


ſame time a Velocity of 8333 Feet in a Second muſt give it a Momentum, 

or Force againſt the Cannon, equal to a Weight of 12800 lib. becauſe 16 

Feet: are to 24 lib. :: as 85335 Feet: to 12800 lib. ſince Aion and 

Reaction are equal. | | 

If we allow the Cannon any ſenſible Recoil, the Effect of the Preſſure of 
the Powder muſt be diminiſh'd by the ſame Analogy, as we diminiſh'd 

the Momentum in the former Conſideration. 


A Pendulum, whoſe Length is 39 Inches and 2 Tenths Engliſh Mea- 
ſure, will perform one Vibration in one Second of Time.] That Length (ac- 
cording to a Meaſure, that has been taken at a Mean from two Standard 
Meaſures of an Enghſþ Yard, one of which is repoſited at Guildball, and 
the other at the Exchequer) is too much, 39,13 Inches, being the Length 
of a Second-Pendulum, which has been found, by comparing together ma- 
ny Experiments, none of which gave the Length above 39,133, nor leſs 
than 39,125. But I made uſe of 39,2 Inches, becauſe it has been common- 
ly reckon'd the true Length, till more accurate Experiments have been 
made by Mr. George Graham, and others, within theſe 15 or 20 Years. 


10. [68. Page 387. The whole Curve ſo deſcrib'd is calld a Cycloid.] 
Let the Line B CF repreſent Part of the Earth's Surface, on which a Wheel 
or generating Circle rolling, does with a Point of its Circumference de- 
ſcribe a Cycloid, as we have ſhewn; it is plain, that ſo ſmall a Part of the 
Earth's Surface, which a Wheel runs over in one Revolution, may be conſi- 
der*d as a Plane; and alſo, that if the generating Circle ſhould run along 
the under Side of the Line CB, it would by a Point of its Circumference, 
firſt apply'd to one End as C, deſcribe the ſame Sort of Curve, or Cy- 
cloid CG B, as if it had ran above the Line; which Curve would termi- 
nate at B, the Baſe of the Cycloid C B being equal to the Circumference 
of the generating Circle, and the Curve CG B equal to 4 times the Dia- 
meter. But if the generating Circle ſhould run along the inner Surface of 
a Sphere, as from the Point c to &, inſtead of running from e to K along a 
Tangent of equal Length with the Curve c A 5, the Cycloid c G & will be 
ſhorter and leſs curve, than if its Baſe c A & had been ſtrait, as one may 
ſee by comparing it with the Cycloid C G B, produced by the ſame ge- 
nerating Circle. This is calPd an Epicycloid. Now, if we ſupppoſe a large 
Wheel, or generating Circle, to be ſo big, that its Diameter ſhall bear a 
ſenſible Proportion to the Diameter of the Earth, its Revolution under 
the Earth's Surface would generate ſuch a Cycloid: And if the generating 
Circle ſhould be half as big as a Diameter of the Earth, as the Circle 2, 


the Point * by the rolling of the generating Circle along the Hemiſphere, 


or Semi- circle Ag, would deſcribe x G a Diameter of the Earth; ſo 


+ We have taken 16 F ect inſtead of 16,1 to avoid Fractions, 
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that the Cycloid would degenerate into a ſtrait Line. Now, in all theſe 


Epicycloids, the Vibrations of x Pendulum, or of an heavy Body, oſcil 


lating on either Side of the middle Point G or y, Sc. will be i/ochronal. 


Pl. 29. F. 1. For tho? we have ſhewn, that the Reaſon of a Body's falling faſter in a 


Sx. Ant 


Cycloid, than in an Arc of a Circle, or any other- oblique Line, was be- 
cauſe the Body ſet out at firſt in the Direction in which Gravity acts; and 
here the Epicycloids being leſs curve than the common Cycloid, one 
would imagine, that they would loſe. that Advantage of Steepneſs at 
fiſt: Yet we can ſhew, that in all the Epicycloids ſuppos'd within the 


Earth, as c G5, or even in that which becomes a ſtrait Line, as « 3, Bo- 


dies begin their Motion in the ſame Direction as Gravity, whoſe Action 
tends towards the Center y; for wherever the generating Circle begins its 
Revolution, a Line as:y c, drawn from the Center of the Earth (in which 
Gravity acts) paſſes through the Center of the generating Circle, and the 
deſcribing Point: Whereas in the common Cycloid we build our Demon- 
ſtrations upon the Suppoſition, that the Lines, in which Gravity acts, are 
parallel to one another, which Suppoſition is very proper, conſidering the 


great Diſtance of the Center of the Earth, whereto thoſe Lines con- 


verge. | 
We have ſhewn in the 11th Annotation of Ze#. 1. Page 34 and 35, as 
a Conſequence of the Earth attracting according to its Quantity of Mat- 


ter; that the Force of the Action of Gravity is greateſt at the Earth's 


Surface, decreaſing as the Squares of the Diſtances from its Center in- 
creaſe, when Bodies are remov'd outwards farther and farther from the 
Earth's Surface; and that if Bodies are ſuppos'd to come nearer to the 
Center, within the Earth, the Force of Gravity acting upon them, will 
decreaſe directly as the Diſtance from the Center. If therefore (ſuppo- 
ſing the Earth penetrable) ſeveral Bodies, as for Example 4, were placed, 
one at the Surface at g (about 4000 Miles from the Center ) another at G 
(2500: Miles from it) another at H (2000' Miles from the Center) and the 
fourth at L (but 1000 Miles from it) the Force of Gravity acting upon 
thoſe ſeveral Bodies to drive them to the Center, would be reſpectively as 
4000, 2500, 2000, and 1000; that is, as their Diſtances from y: and 
conſequently, if they ſhould ſet out at the ſame Moment of Time, they 


would alſo arrive at the Center at the ſame Inſtant. So, that if there 


was an Hole through the Earth along the Diameter of it as Þ *, a Body 
falling from 8, which, according to Mr. V Biſton's Calculation, would come 


from the Surface to the Center in 21 Minutes and ꝙ Seconds, would 


go from g to * in double the time, and fo vibrate backwards and forwards 


in the Diameter g x, like a Pendulum: And if it began its Motion at H, 


it would take up as much time in going to I, vibrating backwards and for- 
wards (or rather up and down) in the Line HI, Now therefore, if the 
iſochronal Vibration in a Diameter of the Earth, ' which follows from a Sup- 
poſition of the Attraction of the Earth, being proportional to its Quantity of 
Matter, be alſo a Conſequence of the iſochronal Vibrations of Pendulums in a 


| Gyclaid (which has been mathematicall; and experimentally demonſtrated) it 
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11. [70. Page 383. The Way to meaſure the leaſt Alteration of Dimen- 


ions in Metals, ſo as to make it ſenſible, &c.] Dr. Petrus van Muſchenbroek, 


cc 
4 
cc 
ce 


£c 


a 
. 


A 
* 


11 


the ingenious Profeſſor of Aſtronomy, Sc. at Utrecht, contrived a Ma- 
chine, which he calls a Pyrometer, for this Purpoſe, whoſe Deſcription in 


his own Words, is as follows. 


The 2d Figure of Plate 2 9, repreſents the whole Machine, with all its 


Parts together as it is uſed. 


« AA A is an Iron turn'd up perpendicularly at one End, which Re- 
turn is 1 e Inches high. The other End, which is diſtant from it 4 2 
Inches, is alſo turn'd up, but then it is turn'd back again, ſo as 
to make a broader horizontal ſquare Plate, the Side of which Square is 
2 Inches. The Iron itſelf is 1 Inch wide and A of an Inch thick, which 
Thickneſs was requir'd, leſt it ſhould eaſily or ſoon grow hot, which 
would hinder the Accuracy of the Experiments. 

«© Upon the Iron Plate ſtands a Braſs Machine, which is drawn by it- 
ſelf in Fig. 3. where it is repreſented larger, and ſeen from another Side, 
the better to diſcover its Parts, which for that Purpoſe are mark*d with 


the ſame Letters as in Fig. 2. This is fix'd to the Iron by two Screws 


X, X, which are its Legs. D is a circular Plate of 2 £ Inches Diame- 


ter divided into 300 equal Parts, which we have not number'd in the 
" Figure, by reaſon of their Smallneſs. This divided Plate ſtands upon 
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four Pillars E, E, E, E, which join it to the lower Braſs Plate: Between 


theſe two Plates there is a perpendicular Steel Arbor or Axis F, which 
has on its lower Part a Pinion of 6 Leaves or Teeth, and on its upper 
a Wheel of 60 Teeth mark'd G: There is alſo another Axis I H, ſup- 
ported by a Cock that comes down from the upper Plate, and which 
Axis with its upper End paſſes through the ſaid upper Plate, ſo as to 


receive the Hand or Index I K; having at its lower End a Pinion of 6 


* 


cc 
6c 


: 10 * 4 2, that is, 41 + times, becauſe H turns round 10 times for G once: 


Leaves to take the Teeth of the Wheel G. The Hand by one Turn of 
the Pinion H is carried round to all the Diviſions. There is beſides, a 
little Rack or ſtreight Piece L with Teeth, which take the Leaves of 
the Pinion F, while the Rack flides along under two ſmall Cocks P, P, 
where it is preſſed towards the Pinion F by help of two ſmall Screws M, 
M, or drawn from it as there is Occaſion, that the Teeth may take pro- 


perly without ſticking or being too looſe. The Teeth of the Rack are 


25 in an Inch, and as it moves forward and backward, the Pinion F is 
carried round, and conſequently the Wheel G, which carries round the 
Pinion H, together with the Hand IK. Let us ſuppoſe the Rack to 
have run the Length of 1 Inch; then F and G will have turn'd round 4 
times and g; and conſequently the Pinion H, will have gone round 


1 30 


Pl. 29. F. 4. 


Pl. 29. F. 5. 
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So that the Index I K, will have mov*d round 414 times; and becauſe 
the upper Plate is divided into 300 Parts, the Hand muſt have run over 
300 Diviſions 415 times; that is, 12500 Parts. Therefore, when the 
Hand goes but from one Diviſion to another, the Rack moves but the 
12500th Part of an Inch. Now, ſince the Diviſions are ſtill large e- 
nough to obſerve the Motion of the Hand to the Half of one of them, one 
may perceive when the Rack has mov'd ;+{+; Part of an Inch. Care 
has been taken, that the Teeth and Pivots ſhould have but juſt Play 
enough to go free, without which, one can make no accurate Experi- 
ment. There is a Female Screw goes through the Head of the Rack. 

The 4th Figure repreſents a ſquare Bar, or Parallelopiped of Metal, 
upon which the Experiment is made, 5 s Inches long, and e of an Inch 
thick. One End of it O has a ſmall Tail, that it may communicate no 
ſenſible Degree of Heat to the Iron A A; it is received in a Notch 
near B, and fix'd by the Screw C. Its other End N has an Hole in it, 
through which Hole goes the Screw Q, which makes it faſt to the 
Rack L; but that End is alſo made ſmall (as you ſee in the Figure) 
left the Heat ſhould be communicated to the Rack. TE. | 
„The Bar being thus fix d, cannot become longer, without ſhooting 
forward the Rack L, and thereby moving round the Hand I K, by 
means of the Wheel and Pinions F, G, H; fo likewiſe, when it becomes 
ſhorter, they muſt move the contrary Way. Now, leſt the Weight of 
the Bar ſhould hinder the Motion of the Rack, I have thruſt in a 


Piece of a Watch-Spring between the ſquare Iron and Braſs Plates E A, 


exactly of ſuch a Strength as to ſupport a Bar as much as its Gravity 
would depreſs it; ſo that the Rack would then move with all poſſible 
Freedom. However inſignificant this Particular may ſeem, yet it is 
very neceſſary to be nice in it; for in making Experiments with Bars 
of different Metals, I was oblig'd to draw out, or thruſt in my Spring 
more or leſs, according to their different Weights. The Hand, or In- 
dex I K moves ſo freely, that you will perceive it to move when the Bar 
of Tin is made faſt to the Machine, if you but apply your warm 
Hand to the Bar; for Tin requires but a very ſmall Degree of Heat 
to alter its Dimenſions, as this Experiment proves. But to apply more 


Heat conveniently, eſpecially the Flame of burning Spirits, there is a 
% Box made of Braſs (ſee Fig. 5.) 3 + Inches long, 1-2; Inch wide, and - 


Inch deep, which is cover'd at top with a Piece of blue Stone (ſuch as 
wil! bear the fire, call'd in Dutch, Lye) which is repreſented in the H- 
gure the underſide upwards. It was neceſſary to make this Cover of 
Stone, leſt it ſhould grow too hot, and ſet fire to the Spirit within the 
Lamp, as will happen when the Cover is made of Metal. It has a long 
Hole cut through the Middle, into which is let in a Braſs Plate T, 
which has 5 ſmall equidiſtant Holes e Parts of an Inch aſunder, and 
e Inch in Diameter, to tranſmit the Wieks of the Lamp, This 
Lamp has 4 Feet, which cloſely take in the Iron A between them, 

| that 
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<« that in every Experiment the Flame may exactly come againſt the Mid- A nnotat. 
dle of the Bar; but the Bottom of the Lamp muſt not touch the Lect. V. 


o Iron, which in ſuch a Cafe would be heated, and by its lengthning . 


would diſturb the Experiment: And thus, in no Experiments was it 
% at all warm'd. The Diſtance between the Bottom of the Bar and 
< the upper Surface of the Lamp, mult be half an Inch, that the 
% Cotton Wieks that ſtand up 4% of an Inch, may give an exact 

and equal Flame. The Cotton Threads muſt be very tine and even, 
and 5 of them twiſted together muſt make a Wiek of about e of an 
e Inch in Diameter. I took particular Care of every Circumſtance in ma- 
% king Experiments with this Machine; becauſe the leaſt Omiſſion might 
& lead one into great Errors: For if the Wiek is drawn up too high thro? 
e the Cover of the Lamp, the Flame will be too large, which ſhews the 
«« Neceſſity of keeping it to the ſame Height: Likewiſe in Experiments, 


L 
** 


8 2 
„ 


«6 that are made with highly rectified Spirit of Wine, if there was not 


% always an equal Quantity put into the Lamp, the Flame would be 


CO 
* 


J took care always to make my Experiments with the Lamp half full 
of Spirits, whereby I had the beſt Flames, which were of a cylindrick 
« Form, from the Lamp to the Metal which they heated; only they 
« widen'd a little at Top—the Diameter of their Baſe was r Parts of 
„ an Inch. And to prevent the Motion of the Air, or the Breath of 
« one's Mouth from moving the Flames, I cover'd the whole Inſtru- 
* ment with a Glaſs ; except juſt the Dial- Plate, which came up above 
the Glaſs, the better to obſerve the Index. 

«© This being all ready, I proceeded to examine how much Iron, 
e Steel, Copper, Braſs, Tin, and Lead were expanded by one Flame; 
e then how much they were expanded by two; then by three; then by 


L 
— 


L 
* 


« four; and laſtly, by all the five Flames: Then alſo, whether there 


« was any Difference when two Flames burned next to each other, or two 


& more diſtant Flames. | | 
« One Day when it began to freeze, and Farenbeyt's Thermometer was 


< at 32 Degrees, the Wind in the Weſt, the Sky clouded, and the Mer- 


e cury in the Barometer ſtood at 29 , I laid the Metals above-mentio- 


ned cloſe to one another, upon a Stone, that they might be cool'd 


< equally : Then I applied them ſucceſſively to the Pyrometer, and having 


<< firit lighted one Flame, I obſerv'd their Expanſion : Then having taken 


them off from the Pyrometer, I ſet them a cooling till they became as cold 
*© as at firſt, and try*d them on the Pyrometer with two Flames; and ſo 
on till I tried the Effect of all the five Flames upon them. For Brevi- 
< zy's ſake, I have digeſted into the following Table what thoſe Effects 
„ere. The Degrees of Expanfion are mark'd in Parts, of which each 
&« is the +; Part of an Inch. It is to be obſerv'd of Tin, that it 


« will eaſily melt, when heated by two of the Flames burning next ro 


& one another, therefore one cannot try it with more Flames than two. 
Vo. I. WS «© Lead 


ſupply'd too faſt or too ſlow, and fo the Heat would vary; therefore 
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Annotat. Lead commonly melts with three Flames, which are next to one ano- 


Lect. V. 
— 


* ther, provided they burn long. 


STABLE 


«© Shewing how Metals are expanded by the Heat of Flames 
” * 9) Sri of Wine, different in Number, but equal in 


; 


| 


Iz 


zgnefs. 
Expanſion "by one 
Flame in the $51 Iron | 
| dle. 80 
By two Flames in 
the Middle next 117 
lo one another. 
By two Flames 22 
diſtant from one 109 
another. | 
By three Flames 
in the Middle next 142 
to one another | 
By four Flames in 
the Middle next is 211 
one another. | 
By all the five; 
Flames. | 8 


8 


—— —ͤ— 


123 


310 


Steel all Copper 


310 


| 


270. 


361 


377 


4 Theſe Experiments were made ſeveral times over; and tho? they did 
„not always agree, yet they never differ'd ſo much as five Degrees, 


« which is fo little as not to be worth Notice; and this may be owing. 


« to the Play of the Teeth, which cannot be avoided in theſe Experi- 


% ments. But 1 always took the Mean of a great Number of Experi- 


* ments. 


— 


« From 
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« From theſe Experiments it appears at firſt View, that Iron is the Annotat, 
leaſt rarified of any of theſe Metals, whether it be heated with one or Lect. 4 
more Flames: And therefore is the moſt proper for making ſuch Ma.? 


chines or Inftruments, which we would have to be leaſt altered by Heat 
and Cold. 

Therefore it is very proper to make the Rods of Pendulums for 
Clocks, of Iron : They are not ſo good of Steel; and much worſe of 
Braſs ; yet ſometimes they are made of Copper, becauſe it is not ſo 


able to ruſt; but yet, that is wrong. So likewiſe the Meaſures of 


Yards or Feet ſhould generally be made of Iron, that their Length may 
be as near as poſſible the ſame, Summer and Winter. | 

*. 201y, £00 D. of Lead and Tin by only one Flame, is pretty 
near the ſame. 1 | | 

« 2dly, The ſame Flame expands Tin and Lead almoſt the double 
of Iron; for their Expanſions are as 155 to 80; that is, nearly as 2 
to I. | | 


« 4thly, The Flames which are next to one another, and act upon the 


metalline Rods, cauſe a greater Rarifaction, than when they have a 
ſenſible Interval between them : For two neighbouring Flames expan- 
ed Iron 117 Degrees, and two farther aſunder, but 109 and the lame 
was obſervable in all the other Metals. 


' 66 Now, this happens, becauſe all the Parts of the Fire do not riſe di- 


rectly up and apply themſelves to the Rods over them; but ſome fly 


off ſidewiſe from every Part of the Flame. Now, when two Flames 
are at a diſtance from one another, the lateral fiery Parts fly off from 
the Flames, and do not act upon the Metals; whereas, when they are 
ncar together, thoſe Parts which fly off from the Side of one Flame 
towards the other, are reflected back from that Flame, as from a Spe- 


culum, and coming back into their own Flame again, are driven up- 


wards, and enter into the Metal, which thereby receiving a greater 
Quantity of Fire, muſt conſequently ſwell the more. = 

« ;thly, Now let us compare together the Expanſions of the ſame 
Metal, produced by one, two, three, or more Flames : Two Flames 
did not give double the Expanſion of one; nor three Flames three 
times the Expanſion, but leſs ; and the Expanſions differ ſo much the 
more from the Ratio of the Number of the Flames, as there are more 
Flames acting at the fame time. I ſhall hereafter give the Demonſtra- 


tion of that Phenomenon ; now I ſhall only give the Proportions of the 


Expanſions obſerv'd in the following ſhort Table. 
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In Iron. In Steel. In Copper. In Braſs In Lead. 
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“ 6thly, Before Metals are, from the ſame Degree of Cold, brought 
<« to melt, they are not equally expanded; but ſome are more expanded, 
and ſome leis. For Tin began to run when it was rarefied 219 De- 
& grees: But Brafs, which was expanded 377 Degrees, was far from be- 
ing red-hot, and conſequently very far from melting; and Copper was 
e expanded 310 Degrees, whereas perhaps it muſt have been expanded 
ce twice as much before it could melt.“ 

So much tranſlated from Dr. Muſchenbroek, * ſerves to fhew ſome of 
the many Uſes of the Pyrometer ; which I have improved by the follow- 


ing Changes. | 


iſt, Inſtead of ſquare Rods of Metal, to make the Experiments upon, I 
uſe cylindrick ones ; becauſe I can more certainly have them of the ſame 
Size, by drawing them through the ſame Hole of a ſtrong Steel Plate, 
ſuch as Wire-drawers uſe : And by that means, I am ſure, that the Bulks 


of the Metals compar'd are equal. | 


2dly, Inſtead of the Pinion F, I have a ſmall Roller of Steel truly round, 
but not poliſn'd, and filed on the Surface in the Direction of its Axis, fo 
that it may be conſider*d as a little Wheel with an infinite Number of 
Teeth : Then the Wheel G upon the ſame Axis has no Teeth, but only a 
Groove to receive a fine Watch-chain (or even an Horſe-hair) whereby 


it carries round a Roller at H, with a little Groove, upon the Axis of 


which Roller the Index is fix*'d at the upper End I. 


zaly, That the Chain whereby G carries H, may be neither too ſlack, 
nor too tight, the whole Dial-Plate (which in my Pyrometer is ſquare) 


and the Cock and Pinion H are driven towards, or from the Wheel G, 


by a Screw faſtened to the upper Frame-Plate, which Plate receives the 
Top of the Pillars and Arbor of G, whilſt the Dial- Plate ſlides upon it. 
N. B. There is no ſuch Plate under the Dial- Plate in Dr. Muſchenbroek's 


Pyrometer. | 
4thly, Inſtead of the Rack NL. (Fig. 2.) I have a long thin Plate of Steel 
about + Parts of an Inch broad, rough filed, ſo as to move the firſt 


Roller F, by rubbing againſt it. It is tempered, of a Spring Temper, 
and a little curv'd, ſo as to have its convex Side bear againſt F; but 


* Sce the Notes of his Latin Tranſlation cf the Experiments of the Academia del Cimenta, 


when 
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when it is faſten'd to the Rod at N, there is a Spring fix'd to the lower Annotat. 
Braſs Plate, which draws it ſtreight and tight by its End L, in the Directi- Lect. V. 
on N L, and inſtead of the Cocks P, P (Fig. 3.) there are two Pullies pla 


ced horizontally, whoſe broad vertical Grooves receive and direct the Steel Fl. 29 F 
Plate or Ruler, that ſupplies the Place of the Rack. 


sthly, Inſtead of the Watch-Spring to ſupport the Bars, I have a ſmall 
Braſs Roller of ++ of an Inch Diameter, whoſe Axis is horizontal ; and 


this Roller is raiſed up from its Pedeſtal, that is fix*d to the Iron at W, 
by a Screw, ſo as to come under every Rod of Metal, and ſupport it at 


its End N, 


The 6th Figure repreſents the lower Frame Plate, with my Alterations, Pl. 29. F. 6. 


B N is the round Rod of Metal to be tried, with the Steel Plate 


made faſt at N, by the Pin Q. This Steel Plate, whoſe natural Situation 


is repreſented by the pointed Line NI, is here kept in the ſtrait Line N 
L, by means of the Spring S L, which hooks in the End of it at L, 
drawing it in the Direction NL]; and it is directed by the Grooves of 
the Pullies P, P, ſo that its Side, that is inclin'd to be convex when left 
at liberty, now preſſes on the Roller H, which it turns by its Friction, 
as it accedes towards, or recedes from L. The pointed Circle G g, re- 
preſents the Wheel above on the ſame Axis as H: g i G, the Watch- 
Chain, carrying round the laſt Roller i, an Index i t, as in Dr. Muſ- 
chenbroek's Pyrometer, The reſt is eaſily comprehended from what has 


been ſaid, and a Sight of the 2d Figure, which repreſents the ſupport- pl. 20 Wm. 


ing Braſs Roller, rais'd and depreſſed, by turning round the ſcrew'd 
Plate p p. 5 


N. B. There is no Inconvenience in ting the Hor ſe bair if you take care 

to place its Knot at G; for as the Motion is made in the Direction G, 

mg the Knot will never go ſo far as g, and therefore in all its 
Motion bear equally in the Groove of the Wheel G. 


By uſing Rollers, the Shake of Teeth is wholly avoided in my Pyro- 
meter; ſo that the Index begins to move the very Moment, that Heat 
is apply*d to the metalline Rods; and if you blow out the Flame, that 
very Inſtant the Index begins to return, which cannot happen where there 


are Teeth, 5 
I mean the quick Return when the Heat is remov'd. I muſt own, 


that if we conſider the Motion of the Index only one way, when once 


the Teeth take, and it begins to move, it will go on regularly; therefore 


Dr. Muſchenbroek's Experiments may be depended upon. However, I 
ſhall try them again with my Pyromerer the firſt Leiſure. I muſt alſo do 


the Doctor the juſtice to own, that he has ſignified to me in one of his 
| Letters, 
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Letters, that if he had not loſt his Workman, he would have made a 
new P37eme!cr without Teeth. h 1 | 


12. [72. II bo affer:, that the Earth is an oblong Spheroid (like an 
' Egg) higher at the Poles than the Aiquator, &c.] Monſieur Caſſini ſays, 


that the Earth is an oblong Spheroid, higher at the Poles than the Æqua- 
tor, making the Axis longer than a Diameter of the Equator about 13 
French Leagues, which he deduces from comparing his Father's Meaſures 
of the Meridian from Paris to the Pyrenean Mountains with thoſe of 
Monſ. Picard, of which an Account may be ſeen in the Memoirs of the 


Royal Academy for 1713; then having afterwards continued the Meridian, 


which is drawn through France, from Paris to. Dunkirk, he ſtill draws 
Confequences to prove the Earth an oblong Spheroid ; but then makes 
the Axis exceed the zquatorial Diameter 34 Leagues. | 

Now, in order to prove this, M. Caffini, taking the Meaſures above- 
mentioned to be exact enough, not only to determine the Magnitude of 
a Degree of the Earth, correſponding with a Degree of a great Cir- 
cle of the Heavens ; but alſo to ſhew, even the Difference in the Degrees 
of the Earth (reckoning thoſe, that were meaſui'd in the South of France, 
to exceed thoſe towards the North, by a certain Number of Fathoms 
and Feet) demonſtrates, that if the Degrees of the Earth are longer 
towards the AEquator than the Poles, the Plane of the Meridian muſt be 
an Ellipſe, whoſe long Axis is that of the Farth. . 

Monſieur Caſſin's Demonſtration is certainly right; but the Meaſures 
taken could not, in the Nature of Things, determine any thing about 
the different Length of Degrees ſo near to one another; becauſe as that 
Difference in one of the Suppoſitions is but of 11 or 12 Fathoms, and in 
another of about 31 at moſt, the Latitude muſt be taken to an Exactneſs, 
exceeding to the Nature of any Aſtronomical Inſtruments yet made, and 
much more than that of the Inſtruments made ule of by the Gentlemen 


who carried on the Meridian, 


For in the firſt place, the Inſtrument, with which they took the Ob- 


ſervations for the Latitude at the two Ends of the Meridian, was a 10 


| Foot Sector, where the 2coth Part of an Inch anſwers to 8 Seconds of a 


Degree. Now the 200th Part of an Inch, being one of the leaſt viſible 
Parts that we can fee in a divided Line, they could not take an Angle 
nearer than that; nay, their Iaſtrument, according to their own Deſcrip- 
tion of it, was divided but to every 20 Seconds. They allow, that 
16 Toiſes (or Fathoms) upon the Surface of the Earth, anſwer to 1 Se- 
cond in the Heavens; and they don't pretend to have taken an Obſerva- 
tion nearer than to about 3 Seconds, which therefore cannot determine 
a Difference ks than 48 Toiſes ; whereas the Degrees are only ſuppoſed to 
decreaſe at moſt) 31 Toiſes each from Collioure (the Southern Part of 
their Meridian) to Duzk irt. But an Error of 8 Seconds would make a 


Difference of 128 Toiſes on the Surface of the Earth, above 10 times 


greater than the Difference of the Degrees in the firſt Suppoſition, and 
5 | 4 mes 
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4 times greater than that Differehce in the laſt. Beſides, the Latitude Annotat. 
was not obſerv'd in the intermediate Places between Paris and Collioure, Let. V. 
with the above-mention*d Inſtrument of 10 Foot Radius: but they made 


uſe of a Quadrant, whoſe Radius was only 39 Inches, and ſometimes an 
Octant of three Foot Radius. Nay, they ſay themſelves in their Account, 
that it is not the Obſervations made at the Ends of the Meridian, that 
we are to deduce the Difference of the Length of a Degree from, but 
the Altitudes taken at ſeveral Places between the Extremes; and if we 
grant that they can take an Angle very well to 4 or 5 Seconds with the 
greater Inftrument, they cannot come nearer than 12 or 15 Seconds with 
the Quadrant or Octant, which we muſt depend upon for the Difference 


of the Meaſure of Degrees. So that upon the whole, we are to deter- 
mine a Length of 31 Toiſes, by an Inſtrument, which is liable to err 


above 200. | 1 
And indeed, upon a ſtrict Examination of the Account of the Meaſures 


of Degrees, I found many Errors and Inconſiſtencies; particularly in the 


meaſuring of the Height of Mountains, where 9 Obſervations of the Ba- 


rometer for meaſuring the Height of them in the South of France, 
which are ſaid to confirm their trigonometrical Meaſures, fo entirely claſh 
with one another, as to determine nothing at all. Nay, the Concluſion, 


that Degrees on the Earth increaſe in going towards the Equator, is 


only drawn from ſome pick*'d Obſervations ; for if they are all compar*d 

together, the Degrees will appear from thence to increaſe in going North- 

wards. . FO | | | (7 
Now, abſtracting from Obſervations, the ingenious Monſ. Mairam has 


endeavour'd to prove, that in an oblong Spheroid, Pendulums muſt be made 


ſhorter to ſwing Seconds at the Equator, than in greater Latitudes : but 
the Principles he has aſſumed, are not to be allow'd him; and if they 
were, it would follow from them, that a Pendulum ſwinging Seconds at 
Paris, muſt be ſhorten'd an Inch to make it ſwing Seconds at the qua- 
tor: whereas the Fact is, that ſuch Pendulums carried from Paris to the 
Agquator, are only ſnorten'd r of an Inch. Therefore, M. Mairan, by 


proving a great deal too much, proves nothing in this Caſe. Thoſe that 


are curious to know all, that relates to this Diſpute, may conſult the Phi- 


loſopbical Tranſactions, No. 386, 387, 388 J, and 389; in which, I think; I 


have fully prov*d the oblate ſpheroidical Figure of the Earth, according 
to Sir 1/aac Newton, and ſhewn the oblong Spheroid to be impoſſible. 


+ N. B. There are ſome Errata in my ſecond Diſſertation, which are 


corrected in the laſt Abridgement of the Tranſactious, by Meſſieurs Reid 
and Grey. - ; 
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At the Defire of ſeveral Friends, I have here ſubjoin'd a ſhort Deſcription 


of my Planetarium; an Inſtrument, which I made lately, to ſhew the Mo- 
tion of the beavenly Bodies. | | 


Deſcription of the PLANETARIUM. 


ACHINES and Movements for repreſenting the Motions 
and Appearances of the heavenly Bodies, have been juſtly 
eſteem'd in all Ages; eſpecially, ſince the Copernican Syſtem 
has been generally receiv*d z not only as the moſt probable 
 - Hypotheſis, but as Sir 1ſaac Newton has, from the Laws 
of Gravity, prov'd it the true Syſtem of the World“ — at leaſt, a Sy- 
ſtem of ſo much of the Univerſe as relates to us Inhabitants of the Earth ; 


chat is, ſo far as we can diſcover, not only by our Eyes, but by means 


of Teleſcopes. 
By Help of ſuch Machines, a great many Perſons, who have not time 
to apply themſelves to the Study of Aſtronomy, and yet are deſirous to 


be acquainted with the celeſtial Appearances, in a few Days may get a 


competent Knowledge of ſeveral Phenomena, and eſpecially, be cured of 
the common Prejudices againſt the Motion of the Earth. 
When ſuch Aſtronomers, as are skill'd in Mechanicks, have made or 
contriv*d theſe kind of Movements, they have anſwered the Ends propos'd 
by ſhewing ſo much as the Machine was intended to repreſent ; but, 
when Inſtrument-makers, without a competent Knowledge of Aſtronomy, 


or proper Inſtructions from Perſons of Skill, have made improper Addi. 


tions to ſuch Machines as had been contrived by Aſtronomers (under pre- 


tence of great Improvements) merely to make them pompous and coſtly ; 
the true Intention of the firſt Inventors has been deſtroy*d, and the Buy- 


ers have paid dear for falſe Notions of Aſtronomy. 


Mr. George Graham (if ] am rightly informed) was the firſt Perſon in 


England, who made a Movement to ſhew the Motion of the Moon round 


We muſt not forget, that the Rev. and Ingenious Mr. James Bradley, Sawvilian Profeſſor 


of Aſtronomy at Oxford, has demonſtratcd it allo of late from Aſtronomical Obſervations. . 
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the Earth, and of the Earth and Moon round the Sun, about 25 or 30 
Years ago. In this Machine every thing, that was ſhewn, was well and 
properly executed as the Phænomena of Day and Night, and their 
gradual Increaſe and Decreaſe, according to the Seaſons, the Places of 
the Earth where the Sun is ſucceſſively vertical, and ſeems to deſcribe 
its Parallels, the real annual Motion of the Earth, which gives the Sun 
an apparent annual Motion, the Rotation of the Sun about its Axis, the 
periodical and ſynodical Month, the ſolar and ſidereal Days, the ſucceſ- 
ſive Illumination of all the Parts of the Moon, &c. This Machine being 
in the Hands of an Inſtrument-maker, to be ſent with ſome of his own 
Inſtruments to Prince Eugene, he copied it, and made the firſt for the 
late Earl of Orrery, and then ſeveral others, with Additions of his own. 
Sir Richard Steele, who knew nothing of Mr. Graham*s Machine, in one 
of his Lucubrations, thinking to do juſtice to the firſt Encourager, as 
well as to the Inventor, of ſuch a curious Inſtrument, call'd it an Orrery, 
and gave Mr, F. Rowley the Praiſe due to Mr. Graham. 

Since that Time, the Orreries have been much in vogue, and executed 
in the moſt ornamental Manner, firſt by Mr. Rowley, then by other In- 
ſtrument- makers; but the Addition of the reſt of the Planets and the Sa- 
tellites, reckon'd by the Ignorant to be an Improvement, does but give 
confus'd Ideas, and falſe, as to Diſtances and Proportions of Bignels ; 
which will always be ſo, whilſt the Orbit of the Moon about the Earth, 


is fix*'d to the ſame Machine, that has the primary and ſecondary Pla- 


nets. The general Syſtem (in which our Earth has but a ſmall Part) 
ought to be by it ſelf — The Sun, Moon, and Earth, ought alſo to be 
ſhewn by themſelves; — and a Syſtem of a primary Planet (as Jupiter, 
for Example) with its Satellites in their true Proportion of Magnitudes 
and Diſtances, ſhould alſo be repreſented by it felf. 2 

Theſe Conſiderations (and the Deſire of giving a true Notion of the 
celeſtial Phenomena, in the plaineſt and moſt expeditious manner, to ſuch 
Perſons as do me the Honour to frequent my Courſes of Experimental 
Philoſophy) induc'd me to contrive and make a Movement with all the 
Requiſites above-mentioned, that might ſhew in true Proportion what can 
be ſo repreſented in a celeſtial Machine. 


I have made it to conſiſt of ſeveral Parts to be put on and taken off ſuc- 
ceſſively ; and have call'd it a PLANETARIUM, whole Deſcription I am 


now going to give: But before I enter upon it, 

I muſt defire the Reader to caſt his Eye upon the goth Plate, which is 
Mr. V biſton's Scheme of the Solar Syſtem epitomiz*d, whereby he will 
make himſelf acquainted with the mean Diſtances, Magnitudes, Periods, 
. Quantities of Matter, Revolutions about the Axes, Denſities, and mean 
Velocities in their Orbits, of all the primary and ſecondary Planets ; and 
the Orbits of ſeveral Comets, the Periods of three of them. Only I muſt 
' obſerve ſome Things relating to this Scheme, which (if not conſider'd) 


might lead into Error, | 
Vol. I. | M m m 1. Tho? 
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1. Tho? we ſee the Diſtance of the Planets from the Sun ſet down in 
Miles, we are not to imagine, that we can meaſure their Diſtances to a 
few Miles, as we really can the Moon's Diſtance; becauſe the Semi-diame- 
ter of the Earth (whoſe Quantity is known in Miles) being about th 


Part of the Moon's Diſtance, is a ſufficient Meaſure for the Moon's Di- 


ſtance z whereas it is ſcarce a twenty thouſandth Part of the Sun's Diſtance, 


therefore very inſufficient for a Meaſure of that Diſtance. There are in- 


deed other Methods of coming at the Sun's Diſtance, as by the Parallax of 
Mars, but none of them can aſcertain it to a Million of Miles. We 
muſt ſtay till the next Tranſit of Venus acroſs the Sun's Diſk in the 


Year 1761, May the 26th, when we may, by obſerving that Tranſit, find 


out the Sun's Diſtance within a ;ooth Part of the whole Diſtance, as Dr. 
Halley has ſhewn in the Philoſophical Tranſactions, No. 348. p. 454. and even 
that Advantage will bring us but within 15 or 16000 Miles of the Truth. 
However, we know the proportionable Bigneſs and Diſtances of the Bo- 


dies revolving round the Sun; that is, if the Sun's Diſtance from the 


Earth be, as here ſet down. 81 Millions of Miles, all the other Diſtances 
and Diameters are right : We know thoſe Diſtances in Diameters of the 


Sun, which is the Way that moſt Aſtronomers expreſs them; for when- 
ever that comes to be known, all the reſt will be known too, and therefore 


their reſpective Proportions may be repreſented by Schemes and Machines: 
But not exactly what Proportion they bear to the Moon and Earth. 


2. Venus is here ſet down, as turning upon her Axis in 2g Hours; 
but ſince Mr. Vbiſton publiſh'd his Scheme, Signior Bianchini has ob- 
ſerv'd, that ſhe is 24 Days and 8 Hours revolving round her Axis, 
which Axis is inclin'd to the Plane of her Orbit in an Angle of 15 
Degrees. 


3. The Moon's Velocity in her Orbit, which is the only Planet, whoſe 
real Velocity we know, has been omitted here. She moves 2300 Miles in 
an Hour. The other Planets only move in an Hour the Miles ſet down, 
ſuppoſing the Sun at the Diſtance of 81 Millions of Miles from the 
Earth. | bo | 


To give a more eaſy Idea of the Diſtances and Diameters of the Bo- 
Cies, we will take them at a Mean in round Numbers; and ſuppoſing 
the Diſtance from the Earth to the Sun, to be divided into 10 Parts, 
Mercury will be diftant from the Sun 4 of thoſe Parts, Venus 7, Mars 


15, Jupiter 52, and Saturn 95. If we call the Sun's Diameter 100; that 


of Þ will be 7 ; of # 10; of & , of © 1; of P1; of V e, and 
of the Moon e; and the Satellites of % and Þ are conjectur'd to be 
about as big as our Earth, | 


; : | 2 : 4. Tho? 
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4. Tho? the different Curvature of the Parts of the Ellipſes, in which the 
Planets move, is not ſenſible enough to be expreſs'd even in a larger 
Scheme; yet the Excentricities might have been expreſs*'d, but that it 
was omitted to avoid Confuſion among the Comets Orbits. The Excen- 
tricities of the Planets may be expreſs'd by ſuppoſing the Line of the 
mean Diſtance of each, divided into 1000 equal Parts, and then the Ex- 
centricities will be the following Numbers of thoſe Parts. 


Equal Parts 
Saturn Jo 1000 ]- E 55] S | The Moon's 
| Jupiter S 1000 | 5 „ | = 3 
Imagine the mean | Mars 100 J -934 is T8 Parts 
Diſtance of the Earth 5 1000 Mal © 17 j of its Diſtance 
Fo IE 1090 | ks © 712 from the Earth. 
Mercury J 1000 £ 21% 50 


The PLANETARIUM, ( Plate 31.) 
Is fix'd in a Frame of Ebony about 6 Inches high, and 3 Foot in 


diameter, contain'd by 12 vertical Planes, on which are repreſented 
the 12 Signs of the Zodiac. The upper Surface is flat of poliſh'd Braſs, 
on whoſe outward Circumference are ſcrew'd in fix Braſs Pillars, which 
ſupport a large flat ſilver'd Ring repreſenting the Ecliptick, with ſeveral 
Circles drawn upon it. The three innermoſt are divided into 12 Parts 
for the Signs of the Zodiac, each of which is divided into 30 Degrees ; 


and among thoſe Degrees are grav'd in their proper Places, the Nodes, 


Aobelia, and greateſt ] North and South Latitudes of the Planets. Between 
the next two Circles are mark'd the Cardinal Points. The next three 
Circles have the Months and Days of the Months, according to the Julian 
Account; and the three laſt have them likewiſe engrav*d, according to the 
Gregorian Account. But in the 31ſt Plate I have omitted the Zulian Ac- 
count, as I have omitted the Gregorian in the 32d Plate. Upon the Braſs 
Surface of the Machine, are graduated Silver Circles, which carry the 
Planets (repreſented by filver? > Balls) upon Arbors or Stems, that raiſe 
them up to the Height of the Plane of the Ecliptick ; and by turning about 
the Handle or Winch of the Planetarium, all the Planets move at their pro- 
portional Diſtances from a little gilt Ball in the middle, which repreſents the 

Sun, and perform their Revolutions according to their periodical Times. 
There are fix'd Indices of blued Steel, which ſhew the Longitudes. of 
the Planets, by pointing to the Diviſions of the filver'd Rings or Circles, 
as they move round. But as theſe Circles, being concentrick, give only 
the mean Diſtances; the true Orbits, according to their Excentricities, are 
graved on the Outſide of each Circle, with The periodical Times taken 
from the Tables, to ſhew what the Revolutions are nearer than can be 
M m m 2 perform'd 
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perform'd by any Machine. The Nodes and Aphelia, with the Places of 
oreateſt North and South Latitudes, are alſo mark*d on thoſe Orbits. 
As the Diſtances are in their true Proportions to each other; ſo likewiſe 
are the Bodies of the Planets in their juſt Proportions to one another. 
But it cannot be expected, that the Diameters of the Planets ſhould be in 
Proportion to the Diameters of the Orbits; becauſe taking Jupiter under 
3 Inches Diameter, and the Earth a little more than a quarter of an Inch, 
as in my Machine, it would require the Syſtem to be of the Bigneſs of a 
Mile and 4, the Orbit of Saturn about gooo Feet in Diameter, and fo of 
the reſt; which would make the Machine 3000 times bigger than 
it is. And if we would ſuit the Bodies to the Machine as it is, the Bo- 
dies muſt be 3000 times leſs, which would render them all inviſible, but 
the Sun; and that would be leſs than + th Part of an Inch. For this 
Reaſon, I could not put in a Ball big enough to repreſent the Sun in reſpect 
of my Planets; but weare to ſuppoſe the Sun (in reſpect of them) as big as 


the inner Circle of the Silver Ring, which repreſents the Ecliptick. 


Noce in the ORRERIES(as they call them) there is ſhewn no Propor- 
tion of the Orbits to one auother ; nor of the Bodies to one another, © 


As the Orbit of the Moon, and the Orbits of Jupiter and Saturn, are 
quite loſt in this Proportion of the Orbits of the primary Planets, much 
more are the Satellites themſelves; therefore the Satellites are not put on 
in this Poſition of the Machine. But Saturn's Ring is join'd to Saturn's 
Body, according to its Proportion, and the Inclination of its Plane to the 
Plane of Saturn's Orbit: And as the Planet is carried round, the Ring 
always moves parallel to it ſelf, as it does in the Heavens, Thereby we 
ſee why the Inhabitants of the Earth, in one Revolution of Saturn, ſee 
the Ring twice in the moſt open Situation of the Anz, as in Figure 1,* 
and twice, as if it had no Ring, that is, when the Edge of the Ring is 
towards the Earth (the Plane of the Ring going through the Obſerver's 
Eye) and the ſucceſſive increaſing and decreafing of the viſible Bigneſs of 


the Anſir. 


The 2d Figure repreſents Jupiter with his Belts, and the Spots where- 

by his Revolution has been obſerv'd. 8 
When the Spectators have look*d long enough upon the Machine, to 
have a compleat Idea of the proportionable Bigneſs of the Planets; Jupi- 
ter and Saturn are taken off, and then there are put on another Jupiter 
and another Saturn 3 times leſs than the former, in order to put Satellites 
about them (and at the ſame time the Moon is joined to the Earth) and 
ſhew how the Satellites accompany their primary Planet in its Courſe round 
the Sun. Theſe Satellites, which are Pearls upon crooked Stems, do not 
turn by Clock- work round their Primaries (as has been done in ſome of 
the large Orreries) but are only ſet by the Hand; becauſe, to do it, 
would be only a needleſs Expence, to give a falſe Notion of their Big- 
nels, Diſtances, and Inclination of their Orbits, in reſpect of their Prima- 
| Hes. 
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ries. But to give a right Notion of Jupiter and his Satellites, and Sa- 
turn and his Satellites; there is ſhewn for each of theſe Planets a Syſtem 
a-part, where the Diſtances from the Primary, and the Bigneſs of the 
Satellites, are expreſs'd: And in this Syſtem, tho' > ad is but of about 


an Inch Diameter, the outermoſt Satellite is as far diſtant from Jupiter's 


Center, as Saturn is from the Sun in the Machine, which ſhews the Incon- 
ſiſtency and Diſproportion of making the Satellites to move round Jupiter 


in an Orrery. Saturn's Satellites are ſtill more improperly put in; becauſe 


four of them move in Orbits very much inclin'd to Saturn*s Ecliptick, 
(viz, in an Angle of above 30 Degrees) and the 5th has its Orbit al- 
moſt in the ſame Plane as Saturn's Ecliptick, with a Diameter greater than 
the Diameter of the whole Planetarium, even when Saturn is 3 times leſs 


than the Saturn of the Planetarium. 
The next Thing put on, is a Contrivance to ſhew, that all the Con- 


fuſion of the Planets Motions in the Ptolemaic Hypotheſis (calPd their 


Stations and Retrogradations) is not really, but apparently ſo, in the Co- 
pernican, or true Syſtem of the World. And this is done by two Steel In- 
dices, one of which being always applied to the Sun, and ſucceſſively to 
the Top of the Stem of the Planet to be examin'd, whilſt the other is 
apply*d to the Earth (as a Center) and the ſaid Planet; by turning the 
Handle of the Machine, the Heliocentrick * and Geocentrick Places of the 
Planet are ſeen on the Ecliptick at the ſame Time; ſhewing, why the 
Planets ſeem to go backwards and forwards when view*d from the Earth ; 
tho* they go all the while regularly from Weſt to Eaſt, as they would be 
ſeen from the Sun. „ 

Then to ſhew the true Inclination of the Orbits of the Planets; having 
taken off all the ſilver'd Balls, which repreſented the Planets before, and 


their Stems, ſix Orbits of gilt Braſs Wire are put on, by means of Pil- 
lars ſet upon the Orbits, that are grav'd upon the great Plane of the Ma- 


chine, ſo high, as to have one Part above, and the other below, the Plane 
of the above deſcrib'd Ecliptick; whilſt the Nodes, in two oppoſite Parts 
of the Wire Circles are exactly in the Plane of the Ecliptick, and the 
Aphelia and Peribelia, according to the right Diſtances from the Sun, 


directly over the Letter A and P in each Orbit grav'd below. For 


Example, in Jupiter's Orbit, two Pillars of equal Height (and the 
Height of the Plane of the Ecliptick above the great Plate) ſtand 
upon the Holes at RN and , to ſuſtain that Part of the Orbit, 
which' is in the Node; a Pillar a little higher ſtands at N L, and one a 
little lower at SL. The Heads of theſe Pillars being round, repreſent 
Jupiter at each Node, and at the greateſt North, and the greateſt South 
Latitudes. Beſides theſe four Balls, there are two others moveable upon 


the Wire, to be plac'd, one at the Aphelion, and other at the Peribelion, 


or in any other Places to ſhew the Longitude or Latitude of the Planet 


at any Time; for one of the Steel Indices above-mentioned, laid over the 


* Places ſcen from the San, or {rom the Earth, 
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Center of the Sun and the Planet, ſhews its Heliocentrick Longitude, at 
the ſame time, that a moveable Arc of a Circle vertically ſtanding upon 
the Degree of the Ecliptick, which the Index is over or under, ſhews the 
Heliocentrick Latitude: The Geocentrick Longitude and Latitude, being 
ſhewn in the ſame manner, when the Index comes from the Earth. The 
other fue Wire Orbits are fix*d the ſame Way. There is alſo a double In- 
dex opening like a Pair of Compaſſes, the Hole of whoſe Center being 
plac'd on the Earth's Stem, the Legs taking in the Orbits of Mercury or 
Venus, the greateſt Elongation of thoſe Planets is ſhewn by a graduated 
Arc, that meaſures the angular Diſtance of thoſe Legs. | 


N. B. The greateſt Elongation of & is about 28 Degrees, and of 2 about 
48 Degrees. n= | | 


There is alſo a Wire bent into a parabolick Figure, and ſupported by 
three Pillars, to ſhew the lower Part of a Comet's Orbit; that is, ſo 
far as we can obſerve of it. The Head of each Pillar repreſents the Co- 
met at that Place; and the fine Silver Wires extended from the Comet in 
its Peribelion, ſhew the Tail of the Comet, when it is biggeſt. 

As the Obſervations of the Eclipſes of Jupiter's Satellites, are of great 
Uſe in Aſtronomy; I have made a particular Syſtem of Jupiter and his 
Satellites applicable to the Machine, whereby the Diſtances, Bigneſſes, 
and true Periods of the Satellites, in reſpect of Jupiter, are ſo truly ſhewn ; 
that when we have taken off the Sun and the Wheel-work, which car- 
ries &, 2, O, and F, and put in the Wheel-work belonging to the 
Syſtem of Jupiter (each of theſe being put on or off in one Piece) ſome 
of the Wheels, that were before in the Planetarium, help to move Ju- 
piter and his Satellites in ſuch manner; that if they be once fet by the 
Tables, you will by turning the Winch, ſee what Eclipſes of any of the 
Satellites will appear at any Time. There is a Dial-plate with three 
Hands or Indices in one Corner of the Planetarium, where the Handle 
for this Purpoſe is applied, one of which Hands ſhews the Hours of Jupi- 
ter's Rotation about its Axis in our Hours, and the Hours of Jupiter (that 
is, dividing his Rotation once about its Axis into 24 Parts), the next 
Index ſhews the Hours of the Motions of any of the Satellites, and the 
third Hand ſhews the Days. | | 

By looking at Jupiter and the Satellites, as they are mov'd by turning 
the Handle ; together with the Uſe of the Lantern, to repreſent the Sun ; 
we viſibly ſee the following things, as they really happen, | 


1. The Immerſion; that is, when a Satellite enters into Jupiter's Sha- 
dow. | 5 a 


2. The Emerſion of a Satellite out of the Shadow. 


3. When the Immerſio:s, or when the Emerſions are viſible. 
4. When 


— 
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4. When a Satellite is hidden by the Body of , before it comes into, 
or after it 1s gone out of the Shadow. | 


5. When a Satellite may be ſeen to croſs the Body of *. 


6. When a Satellite makes a Solar Eclipſe in Y, by throwing its Shadow 
upor. ſome Part of its Surface. | 


7. When Satellites eclipſe one another, 


So much is fſhewn by the PLANET ARI U Min reſpect of the general 
Syſtem: As for the Repreſentation of the Phanomena of the Sun, Moon and 
Earth in reſpect to each other, there ought to be another Machine; but for 
Conveniency of Carriage, 1 have contriv'd to change the above-mentioned Ma- 
chine into one for this Purpoſe, ibo there be ſome Trouble in making the ne- 


ceſſary Changes. 


Plate 32. repreſents the Planetarium with only the Sun, Moon, and 
Earth. | | 


higher than it was before. 


2. The Surface of the Machine within thoſe Pillars, is a Plate painted 


blue, inſtead of the poliſh'd Braſs before; becauſe the blue Colour of the 
Sky depends wholly upon the Earth's Atmoſphere, |and not a blue Arch or 
Canopy at an immenſe Diſtance. L 

The Clock-work under this Plate, applying it ſelf to the Clock-work 
within the Machine, and the Winch being fix*d to another Part of the Ma- 
chine, the following Motions will be perform'd. 


3. The Sun (which is here a gilt Braſs Ball of 2 Inches Diameter) turns 
round his Axis from Weſt to Eaſt once in 25 Days 6 Hours; every Turn 
of the Handle being now a Day, which was a Month in the general Syſtem, 
and the Hours being mark*d by an Index, and divided Plate, at the Bot- 


tom of the Axis of the Earth. | 


4. The annual Motion being ſtopp'd, the Earth (whoſe Center, as well 
as that of the Sun, is in the Plane of the Ecliptick) turns in 24 Solar Hours 
round an Axis, inclin'd to the Plane of the Ecliptick in an Angle of 66 + 
Degrees from Weſt to Eaſt, not moving out of its Place. But when the 
annual Motion is not lock'd, then it turns about its Axis once in 23 Hours 
and 56 Minutes, and at the ſame Time is carried round in its annual Or- 
bit, from Weſt to Eaſt alſo; its Axis is all the while remaining parallel 


to it (elf, 
10 : | An 


7. The Ecliptick being ſet upon other Pillars, is raiſed about 2 Inches 
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An Account of the Phenomena explain'd only by the Rotation of the Earth 
about its Axis. | | 


The Earth is here repreſented by a ſilver'd Ball of an Inch Diameter, 
on which are drawn ſeveral Circles, as is done upon the common Globes, 
viz, the two Polar Circles, the Tropicks, the Æquator, the Eclip- 
tick, and the Parallel of London; likewiſe 24 Meridians, one of which 
grav'd in thicker than the reſt, repreſents the Meridian of London, which 
Place is expreſs'd by a ſtrong Spot or Point in 51+ Degrees of North 


Latitude. From a rais'd and bent Wire-Arch f & g hangs a Plate like a 


Creſcent, wanting 47 Degrees of a whole Circle at Bottom, that it may 
not fall foul upon the Axis of the Earth. The Plane of this Plate does 
always paſs through the Center of the Earth, and facing the Sun, is always 
perpendicular to a Ray coming from the Sun to the Earth, and conſe- 
quently divides the enlighten'd from the darken'd Part of the Earth: There- 
fore I call it a Solar Horizon; and W, E mark'd upon it, ſhew the Weſt 
and the Eaſt. 

In a Line ſuppos'd to be drawn from the Center of the Sun to the Center 
of the Earth, is fix*d, upon two Props, the Solar Ray or Wire m, to ſhew 


on what Part of the Earth the Sun ſhines perpendicularly at any Day, Hour, 


or Minute of the whole Year. | | 

There is an Index b, which ſhews the Place of the Earth on the E- 
cliptick, and likewiſe oppoſite to it, there is another Index (with a little 
Sun grav*d upon it) to ſhew the Sun's Place in the oppoſite Part of the 


Escliptick. 


Taking hold of the blue Plate, the Earth muſt be brought to the firſt 
Degree of Capricorn, which will be ſhewn by its Index; then the Axis 
of the Earth (always making an Angle of 66 Degrees, with the Plane 
of the Ecliptick) muſt be ſo ſet, that the North Pole may be towards 


the Sun, and a Plane paſſing through the Axis of the Earth, and Num- 


ber XII, in the Dial-Plate D, may alſo paſs through the Sun's Center. 


This gives the Situation of the Earth for the longeſt Day in our Nor- 


thera Hemiſphere ; the Solar Index, which points to the firſt Degree of 
Cancer, pointing alſo to the 1oth Day of June: Set the Meridian of 


London to the Solar Ray, and the Index of the Dial-Plate D at bottom to 


XII, and you will have the Situation of London at Noon for the long«ſt 


Day of the Year, where an Inhabitant being ſuppos'd to ſtand with 


his Face towards the South, will ſee the Sun before him at its greateſt. 
Altitude, | | | | 
Now, by gently turning the Handle of the Machine, the Point repre- 


ſenting Lenden, or an Inhabitant of it, will (by the Rotation of the 


Farth) be carried away towards the Eaſt, while the Sun ſeems to move 
Weſtward, or towards the right Hand; and when London is brought to 


the Eaſtern Part of the Solar Horizon, you will fee the Hour of Sun-ſet 
| ſhewn 
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ſhewn by the Index on the Earth's Axis and Dial-Plate D. Turn on, and 
London will move in the ſhaded Part of the Earth on the other Side of 
the Solar Horizon in reſpe& of the Sun, When the Index is come to 
the other Number XII on the Dial-Plate, London is come to Midnight: 
As you turn on, London will come out from under the Solar Horizon at 
W, the Index below then pointing to the Hour of Sun-rife, an Inhabi- 
tant perceiving the Sun as coming out of his Horizon in the Eaſt, or on 
his left Hand. You may then alſo obſerve, that in the whole Turn of 
the Earth about its Axis, the Solar Ray only points to the Tropick of 
Cancer ; no other Countries, but thoſe that are under that Tropick, hav- 
ing the Sun vertical, And this would happen all the Year round, if the 
Earth had no annual Motion; neither would there be any Change of Sea- 
ſons, or Alteration of the Length of Days. Here by obſerving, how the 
Solar Horizon cuts the ſeveral Parallels, one may perceive, that all of 
them (except the Æquator) between the North and South Polar Circles, 
are unequally divided into diurnal and nocturnal Arcs, the former being 
greateſt on the North- ſide of the Æquator, and the latter (that is, ſuch 
as are behind the Solar Horizon) on the South-ſide of it. The Northern 
Polar Circle in this Situation, 1s always enlightened, being on the Sun- 
ny fide of the Solar-Horizon, whilſt all the Regions contained within the 
South Polar Circle continue in the dark, notwithſtanding the Earth's di- 
urnal Revolution ; the annual only being capable to change their uncom- 
fortable Situation of perpetual Darkneſs and Winter, to Day, Spring, 
Summer, Sc. | | 

Now, let the Movement for the annual Motion be unlock'd, and join'd 
to the diurnal ; then by turning the Handle, the Ball repreſenting the 
Earth, will move truly as the Earth does, and repreſent all the Phenomena 
depending upon the two Motions, EE: 

Firſt then, whilſt it continues to turn 2 its own Axis, once in a 
Day, it goes forward in the Magnus Orbis from Weſt to Eaſt, according 
to the Order of the Signs (or in conſequentia, as Aſtronomers call it) as 
is ſhewn by its Index, pointing ſucceſſively to all the Signs and Degrees 
of the Ecliptick, whilſt the Sun, round which it moves, ſeems to deſcribe 
the ſame Orbit, alſo in conſequentia, or from Weſt to Eaſt, at the Di- 
ſtance of ſix Signs ; that 1s, ſeeming to ſet out from the firſt Degree of 


Cancer, juſt as the Earth does really ſet out from the firſt of Capricorn, 


as the Solar Index i (over Taurus in Plate 32.) plainly ſhews. 

Now, as in the annual Motion of the Earth, the Axis always remains 
parallel to it ſelf, the Situation of it, in reſpect of the Sun, muſt be con- 
tinually chang'd ; and a Plane paſſing through the ſaid Axis and the 
Number XII upon the Dial-Plate D, will not- paſs through the Sun's 
Center again, when once it has left it, till at the Diſtance of half a Year, 
and then the North Pole of the Earth (which was neareſt to the Sun bee 


fore) will be fartheſt from the Sun. N. B. The Situation of the Earth, 


in reſpect of the Pole Star, to which the Axis points, never ſen/ibly changes ; 
n Nnn becauſe 
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\ becauſe the whole Diameter of the Earth's Orbit bears no Proportion to the 


Diftance of the fix'd Stars, which are 400000 times farther from us than 
the Sun, and therefore their Parallax can't amount to one Second Minute of 
a Degree. | | | 


Secondly, Obſerve, as the Earth moves on in the Ecliptick, that the 


North Polar Circle does gradually get under the Solar Horizon, which cuts 


it into two equal Parts, as the Earth enters into Aries (and the Sun ſeem- 


ingly into Libra) as it does alſo every parallel Circle all over the Earth, 


making the Diurnal and Nocturnal Arcs equal; and this is calPd the Æ.- 
quinox, the Days and Nights being then of 12 Hours all over the Earth, 
as is alſo ſhewn by the horary Index at D: And both Poles being equally. 
enlightened, have the Sun in their Horizon; likewiſe the Solar Ray, 
after having ſucceſſively pointed to all the Parallels ſuppoſed between the 
Tropick of Cancer and the Æquator, now points to the Equator; whoſe 
every Part (for this Day, or one Turn of the Handle) ſucceſſively receives 
the perpendicular Light and Heat of the Sun; which is what the Ptole- 
maicks call the Sun being in (or deſcribing) the Æquator. 

By continuing to turn the Handle, the Earth goes on gradually in con- 
ſequentia, and the Solar Horizon ſhews how the Days continue to decreafe 
as the diurnal Arcs ſhorten ; and by degrees the whole Space contain*d by 
the North Polar Circle hides: it ſelf from the Sun, till it is quite behind 
the Solar Horizon, when the Earth comes to the firſt Degree of Cancer ; 
which ſhews; that all the Countries within that Space have no Day at all, 
whilſt the Countries within the South Polar Circle, being now on the 
Sunny- ſide of the Solar Horizon, have no Night at all. Now, the Solar 
Ray points to the Tropick of Capricorn, which by the Rotation of the 
Earth, the Sun ſeems (or is ſaid) to deſcribe. The Sun's Index alſo be- 
ing in Capricorn, and likewiſe pointing to the 11th Day of December, ſhews, 
that we have the ſhorteſt Day at London, whoſe Meaſure is ſhewn by the 
horary Index. The Earth being ſtil] carried on, the Solar Ray will de- 
{cribe the Parallels over again, being at the Æquator, when the Earth en- 


ters Libra (and the Sun ſeemingly Aries) and the Solar Horizon divides 


all the Parallels into equal diurnal and nocturnal Arcs, the Poles being now 
in the Plane of the Solar Horizon. Then as the Earth goes on, more of 
the North Polar Circle comes out towards the Sun, the diurnal Arcs, and 
conſequently the Days, in our Northern Hemiſphere increaſe, whilſt thofe 
beyond the ZEquator decreaſe, till at laſt the Earth comes to the firſt 
Degree of Capricorn, from whence it mov'd at firſt : Then alſo is the Axis 
of the Earth return'd to the ſame Situation in reſpect to the Sun, that it 
had at firſt, | EY | 


Thirdly, Take off the Earth and its Solar Horizon, and put on another 
Earth of 3 Inches Diameter, whoſe Center will ſtill be in the Plane of 
the Ecliptick. This Earth having a graduated Meridian, and Pins (re- 
preſenting Inhabitants) perpendicularly ſtuck into the Tropicks, the Æqua- 

vor, 
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tor, and ſome Parallels between; the Solar Ray (ſhortened a little to 
| ſerve for this Earth) will more plainly ſnew, when the Sun is perpendicular 
to any of theſe Inhabitants, and how much it is more or leſs oblique to thoſe 
without the Tropick in different Seaſons, Pins being alſo fixed in thoſe 
Places. The Solar Ray will likewiſe exactly ſhew the Degrees of the Sun's 
Declination upon the Degrees of the Meridian of this Globe. 


Fourthly, Take off this Globe, and put on another, which is only of 2 
Inches Diameter, of Ivory, having a Map of the World grav'd upon it, 
and a Silver Horizon to ſet eaſily for any Place. By this the Globe 
with its Horizon differently ſet, and the Solar Ray, are ſhewn the Phæno- 
mena of the right Sphere, of the oblique Sphere, and of the parallel 
Sphere. Having ſet the Horizon for any Place, you ſee eaſily by the So- 
lar Ray, when the Sun is above or below the Horizon of that Place, and 
at what Point of the Compaſs it riſes in that Place all the Year round : 
Whether it has Amplitude or not, whether Northern or Southern, and 
how much more or leſs in one Latitude than another. That is, how much 
and when, the Sun riſes and: ſets North or South of the Points of due Eaſt 
and Wet. | 


Fiftbly, Put the little Earth on again, and having brought it to the firſt - 


Degree of Capricorn, ſet the Hour-Index at XII towards the Sun, as al- 
ſo the Meridian of London. Then we are to conſider, that a Plane paſſing 
along the'Axis of the Earth, and the Pole Star (at an immenſe Diſtance) 
does alſo paſs through the Meridian of London, and the Center of the Sun, 
Now, having unlocked the annual Motion, that the Earth may turn about 
its Axis without moving out of its Place, every Turn of the Handle will 
carry round the Meridian of London till it comes back into its Place again, 
and London faces the Pole Star as before; that is, returns into the Plane, out 
of which it was carried; and this is called a Sidereal Day. Now, as the 


Sun is in the ſame Plane as the Axis of the Earth and the Pole Star, the 


Sidereal Day and Solar Day will be the ſame, becauſe the Meridian of 
London comes to the Sun's Center at the ſame time that it comes to the 
Pole Star. But as this depends upon the Immobility of the Earth's Cen- 
ter, it is not true in Fact; therefore to know what does really happen, we 
muſt put on the annual Motion. Then one Turn of the Handle not only 
gives the Earth one Turn about its Axis, but makes it go forward almoſt 
one Degree in the Ecliptick, Now, if you obſerve the Meridian of Lon- 
don, you will find, that it is not yet come to the Solar Ray; becauſe tho? 
it is come into the Plane, that paſſes through the Center of the Earth and 
the Pole Star, this Plane no longer paſſes through the Center of the Sun, 
becauſ® the Center of the Earth has quitted its Place, and moved in conſe- 
quentia; to that the Handle muſt be moved a little farther, before the 
Meridian of London (which has gone quite round to make a Sidereal 
Day) comes to the Solar Ray to make a Solar Day, which is longer than 
the Sidereal Day, the Space of four Minutes in Time, Therefore the 
| 5 Nn n 2 1 Earth 


0 
ä 
5 


FE py ö : * 
8 n 


wh, b 
on 
n 


460 


 ACGonrſe of Experimental Philoſophy. 


Earth turns about its Axis in 23 Hours and 56 Minutes; but any Country 


which has Noon, or the Sun in the South, muſt make more than one Revo. 
lution about the Axis to come to Noon again. This Difference between the 
Solar and Sidereal Day is ſo little, that it cannot eaſily be perceiv'd in one 


ſingle Revolution; but if we turn the Handle 15 Times, thoſe 15 Diffe- 


rences making an Hour (taken all together) you will ſee, that after juſt 15 
Turns, the Plane paſſing through the Earth, and the Pole Star has ſo far left 
the Sun, that the Solar Ray inſtead of pointing to the Meridian of London, 
only points to that, which is immediately before it, which is an Hour 
more eaſterly, and the Hour-Hand at bottom, which points to XII, 
only ſhews the Sidereal Day ; but muſt by means of the Handle be brought 
to the Number I, before it points to the ' Sun's Center. If the Earth be 


carried on one Month in its annual Courſe, the Hour-Index, when at XII, 


will want 2 Sidereal Hours of the Solar Noon : After 3 Months it will 
want 6 Hours : After 6 Months it will want 12 Hours, or be at the Solar 
Midnight, when it is at the Sidereal Noon; and this is the Reaſon, why 
the Stars near the Sun (which any Day at Noon would be viſible about the 
Sun, if it was totally eclipſed, but are inviſible, becauſe their Light is ſwal- 
low'd up in his) after 6 Months will be viſible at Midnight. After 9 


Months, the Hour-Index will want 18 Hours of pointing to the Sun ; and 


after 12 Months, or one annual Revolution of the Earth, it wants 24 
Hours, or nothing; that is, one Day is loſt, which the Sidereal Year wants 
of the Solar Year; this Day being made up of all the Differences, or 360 
times 4 Minutes; but more exactly, 365 + times 3 Minutes and 56 Se- 
conds. | | 


Sixthly, Bring back the Earth to the firſt Degree of Capricorn, take off 
the Solar Ray, and ſtick a little Index into the Sun in the Hole, which 


it has to repreſent one of the Spots, which have ſhewn us the Time of its 


Revolution round its Axis. Unlock the annual Motion, and ſet this new 


Solar Index towards the Meridian of London, or the Hour-Index at XII. 


After 25 Turns and +, the Solar Index will be come about and point to 
the Center of the Earth ; but the Meridian of London and Hour-Index, 
which is in the Plane of it, will be got beyond XII quite to VI. This 
ſhews the abſolute Time of the Sun's Revolution round its Axis. Place 
every thing as before, then put on the annual Motion, obſerving, that as 
the Solar Index points to the Center of the Earth, it points alſo to the 
firſt Degree of Capricorn. Turn the Handle 255 times, and you will find, 
that the Solar Index does not yet point to the Center of the Earth, (tho? 
by pointing to the 1ſt Degree of Capricorn, which the Earth has now 


left, the Sun appears to have made one entire Revolution about its Axis) 


but it requires near two Turns of the Handle to make it do ſo: This is 


but Reaſon, why Aſtronomers, who did not believe the Motion of the 


Earth, in obſerving a Solar Spot, reckoned one Revolution. of the Sun 
round its Axis, when the Spot was ſeen from the Earth in the ſame Part 
of the Sun's Diſk, as it had been obſery'd at firſt ; and fo affirm'd that 
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the Sun was about 27 Days turning on its Axis; when that Revolution 1s 
but apparent, the real Revolution being ended two Days before. 


Seventhly, Take out the Pin or Index from the Sun's Surface, bring 
back the Earth to the firſt Degree of Capricorn, and unlock the annual 
Motion. Then on the Moon's Orbit 4 þ fix the Moon's Stem, and put 
on the Moon ed, which 1s reprefented by a little Silver Ball, whoſe Dia- 

meter is Iths of that of the Ball repreſenting the Earth (according to 
the true Proportion of thoſe Bodies in Nature) having one Side plain, to 
repreſent that Side of the Moon, which we always ſee, and the other Side 
graved to repreſent that Side of the Moon, which is never ſeen from the 
Earth. Set the plain Side of the Moon towards the Earth, the Body of 
it being placed exactly between the Sun and the Earth, as in the time of 
the New-moon ; then turn the Handle. You will obſerve; firſt, that 29 
Turns 2, will carry the Moon quite round its Orbit, and bring it back to 
the ſame Place again, which ſhews the Moon's Period is 27 Days and 
near 8 Hours; ſecondly, that the ſame Side of the Moon 1s always turn'd 
towards the Earth, the graved Hemiſphere of the Ball being always averſe 
from it; thirdly, that the Moon turns only once about its Axis, whilſt 
it makes one Revolution round the Earth; and fourthly, that the Periodi- 
cal Month would be the ſame as the Synodical, if the Earth had no annual 
Motion; that is, the Revolution of the Moon, counting its Beginning 
from the New or Full-moon, would not end till the next New or Full- 
moon : Whereas in Nature, the Period of the Moon (or periodical Month) 
is perform'd in ſomething leſs than 27 Days and 2; but the ſynodical 
Moath,or Time from New-moon to the next New-moon, or from Full- moon 
to the next Full- moon, takes up the Time of about 294+ Days: Becauſe, 
in the Time of one Revolution, the Earth is carried on ſo far in the E- 
cliptick, that when the Moon has compleated its Period round the Earth, 
it is no longer in a Line with the Center of the Earth and Sun; but 
muſt move on ſtill in its Orbit above 2 Days, to be in a Line with the 
Sun and Earth. This is eaſily ſhewn by the Machine. For if you bring 
the Earth to the firſt Degree of Capricorn, and pace the Moon between 
the Earth and Sun; and, having put on the annual Motion, turn the 
Handle 274 times, the Earth will be got on fo far in the Ecliptick, that 
the Moon (tho? it has compleated its Period) is not yet in a Line with 
the Sun ; but if you hold a String over the Center of the Moon and Earth, 
and another over the Center of the Sun and the firſt Degree of Capricorn 
(which Line the Earth and Moon did ſet out from) you would find thoſe 
two Strings to be parallel, which ſhews that the Moon has really finiſhed 
its Period; tho? it does not ſeem to have done fo in reſpect of the Sun. 
But if you give the Handle a little more than two Turns, you will finiſh 
the ſynodical Month, by bringing the Moon again between the Sun and 
Earth: And the Earth's Place on the Ecliptick, will ſhew that it has ad- 


vanced 29 Days and an half. 
| Eighthly, 
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Eighthly, Bring back the Earth to the firſt Degree of Cancer, and hay; 
ing put on the black Cap, which belongs to the Moon, with its convex 
Side oppoſite to the Sun as at e, bring the Moon between the Earth 
and Sun; that is, to the Place of New-moon : Then turning the Handle 
all che Phaſes of the Moon will be given ſucceſſively, as they happen, whilſt 
the Moon going round the Earth in its Orbit, is alſo carried round the 
.Sun, together with the Earth. For, firſt, the black Cap repreſenting the 
ſhadowed Part of the Earth, does wholly cover all the white Hemiſphere 
of the Moon, which is turned towards the Earth, thereby ſhewing how 
the New- moon comes to be inviſible to us; then after a few Turns of the 

Handle, you may perceive, that a ſmall Part of the white Hemiſphere is 
come from under the Cap (that is, out of the Shadow) and makes a Cre- 
ſcent, and as you go on, you fee the firſt Quarter; the Half. moon after 
7 Turns, and ſtill more and more comes from under the Cap, till 14 Turns 
and + makes the Phenomenon of Full-moon, when the white Hemiſphere 
is come quite out of the Cap, and the Earth 1s between the Sun and 
Moon. As you turn on, the Phaſes of the Moon gradually decreaſe till 

you come to have New-moon again. And now all the above-mention'd 
Phenomena, may be ſeen at the fame Time, as it happens in the Hea- 


vens. | 


Ninthly, Take off the Sun, and in the Place of it, put the Lantern 
belonging to the Planetarium, which has two convex Glaſſes (without which 
we could not have the Rays parallel, converging, or diverging, with ſuffici- 


ent Splendor) to ſhew how the Earth and Moon are enlightened by the 


Sun, together with the Phenomena of Eclipſes. Let the Room be made 
dark, and then you will ſee the Phznomena of Day and Night, and the 
Seaſons and Phaſes of the Moon above-mentioned, very plainly, without 
either the ſolar Horizon, or Moon's black Cap, which were only made 
uſe of, when we could not compare Light and Darkneſs. 

By making uſe of the bigger Earth, with Pins properly fixed for Inha- 
bitants, you may plainly fee what Geographers ſay concerning the Inhabi- 
tants of the Earth, in reſpect of their Shadows, as they call them Aſcii, 
Amphiſcii, and Heteroſcii; you will alſo the better compare together the 
Days and Seaſons of the Antæci, Periæci, and Antipodes : as likewiſe 
(when you ule the Ivory Earth, with its Silver Horizon) you ſee plainly how 
the Sun appears to rife above our Horizon and ſet below it, with or 
without Amplitude, real Rays of Light now performing what the Solar 
Rays of Braſs Wire did before but imitate. There is alſo a Contrivance 
of a Silver Plate, to put upon any Place of the Surface of the Earth, pa- 
rallel to the moveable Horizon above-mention'd, and which turns along 
with it, to ſhew the Diſtinction between the ſenſible and rational Horizon of 
2 Place ; but at the ſame time to make it appear, that the Sun's immenſe 
Diſtance makes them ſo nearly co-incide, that the riſing and ſetting is the 


{ame at the ſame moment in reſpcct to both. 
| | | | The 
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The Moon's ſecondary Light (that is, the Light, which being reflected 
from the Earth, gives the dark Part of the Moon's Hemiſphere, which is 
turn'd towards the Earth, ſuch a faint Illumination as we receive from the 
Moon) whereby in ſerene Weather, at the time of the Moon's Cre- 
ſcent or Wane, we ſee the remaining Part of the Moon's Diſk of a dun 
Colour (nay and ſometimes ſee the whole Moon it ſelf at the very Time of 
the New- moon) is very well ſhewn here by the Light of the Lantern ; 
as alſo how it is, that the Earth in its Turn, becomes a Moon to the 


Moon. 
In order to ſhew the Phenomena of Eclipſes; firſt, put on the little 


Earth, the Moon being on its Stem, and the Lantern in its Place, and 


you will obſerve, how the Moon in paſſing between the Sun and the Earth, 


throws its Shadow upon ſome Part of the Earth, whoſe Inhabitants have a 


total Eclipſe of the Sun in thoſe Places, which the Shadow paſſes over, and a 
partial one in the Penumbra, or near the Shadow. When the Moon be- 
ing Full, paſſes on the other Side of the Earth, ſo as to loſe her Light 
by the Interpoſition of the Earth's Body; that is, as ſhe goes through 
the Shadow of the Earth, there is a total Eclipſe of the Moon, which 
all the Time of its Duration is ſeen by all the Inhabitants of that He- 
miſphere of the Earth, which is towards the Moon at that Time, Now, 
tho? this Poſition of the Planetarium does ſhew what a Solar and a 
Lunar Eclipſe is, it does not repreſent what really happens in regard to 
the Time of Eclipſes ; for it ſhews an Eclipſe every New and Full-moon, 
whereas we ſeldom have more than four Eclipſes in a whole Year, and 
ſometimes not ſo many. The Reaſon is, that tho' the artificial Earth 
and Moon on the Machine, do bear a juſt Proportion to one another, the 
Orbit of the Moon is 10 times leſs than it ought to be in Proportion 
to the Bodies: Beſides, the Orbit of the Moon is not in the ſame 
Plane with the Ecliptick, but makes an Angle of about 5 Degrees with 
it; ſo that unleſs the Moon be in, or near, the Nodes (or the Places 
where the Moon's Orbit cuts the Plane of the Ecliptick) at the Time of 
Full or New- moon, there will be no Eclipſe ; the Shadow of the Moon 
paſſing northerly over, or ſoutherly under the Globe of the Earth at 
New-moon ; and the Moon paſling northerly over, or ſoutherly under 
the Shadow of the Earth at Full-moon. Some of the Orrery-makers 
indeed have made the Moon riſe and fall in its Courſe, in an Orbit 


properly inclin'd, and beſides, have made the Nodes of that Orbit 


move backwards, or in antecedentia (that is, from Eaſt to Weſt) one Revo- 

lution in 19 Years, as it happens in Nature, but neither increaſing the 
. . : — 8 O g 

Moon's Orbit, nor putting on ſmaller Balls for the Moon and Earth, this 


Inconveniency of too frequent Eclipſes has not been avoided. Others to 


avoid it, have given the Moon's Orbit 3 or 4 Times a greater Inclination 

than it really has, deſtroying one Truth to explain another. 

Nov, in my Planetarium, I ſhew the true Inclination of the Moon's 

Orbit, the Motion of the Nodes, and true Magnitude of the Orbir, in 
| | reſpect 
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reſpect of the Bodies, and conſequently the true Phenomena, relating to . 
the Time and Quantity of the Eclipſes, by making the following Changes. LE 
I take off the Moon and Earth, and upon the filver*d Circle x p (which 5 


is divided into 19 Parts, correſponding with 19 Years to ſhew the Motion Re 
of the Nodes) I fix upon Pillars an Orbit of fine gilt Wire, properly 1 
inclin'd with Nodes upon it, and two fmall Moons, which, as well as a - 
ſmall 'Earth, now to be put on, bear a juſt Proportion to the Bigneſs of F 
the Orbit: And now by means of a little Piece of white Paper, held be- 
hind the Earth at the Time of New-moon, the Shadows of the Earth 
and Moon, ſhew whether there will be an Eclipſe of the Sun or not; 
if an Eclipſe, whether partial or total, of long or ſhort Duration, whe- 
ther Northerly or Southerly ; likewiſe by holding a Paper behind the Moon 
at the Time of the Full-moon, you may ſee whether there will be an 
Eclipſe of the Moon dr not; and if an Eclipſe, of what kind, c. 


 Tenthly, There are Parts to fix to the Planetarium, to ſhew what Pa- 

rallaxes are, and how they are to be obſerv'd; as the annual, menſtrual, 

and diurnal; making it very evident, how the Diſtances of the Sun, and 

that of the fix*d Stars, have been attempted, but not ſufficiently ſettled | 
by thoſe Methods, but that of the Moon exactly diſcover'd. There is allo | 
a Contrivance to ſhew what is meant by the Longitude at Sea, which » 
ſhews how it muſt be at laſt fougg by the Appulſes of the Moon to 4 
the fix*d Stars, when the Theory of the Moon comes to be perfectly 

ſettled. | 

I have alſo contrived an additional Part to ſhew a Cel:dography upon the 
Planetarium; that is, the Phenomena of the Spots of Venus, of Day © 
and Night, and the Seaſons in that Planet, which (according to Signior | | 
Bianchini*s Diſcoveries) does in 24 Days and 8 Hours, turn round an _ 
Axis inclin'd in an Angle of 15 Degrees, to the Plane of the Orbit of the 
Planet, that Axis always continuing parallel to it ſelf, There is alſo a 
Wire to repreſent a perpendicular Solar Ray, and a Solar Horizon, to 
ſhew how ſenſible a Spiral the Sun muſt daily ſeem to move in to an Inha- 
bitant of Yenus, The Lantern alſo may be put on inſtead of the Sun, Sc. 
Bur I forbear fixing this additional Machine to my Planetarium, till other 
Aſtronomers Obſervations have confirm'd Signior Bianchini*s new and great 


Diſcoveries. 


The Machine to ſhew mechanically, how Planets and Comets, by a Ray 
drawn from the Sun, deſcribe Areas proportionable to the Times, which I 
promis'd in the ſixth Annotation to Lect. 5. (Page 424, properly belongs to 
ihe Planetarium ; therefore I chooſe to deſcribe it here, 
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A Deſcription of the PLANETARIUM. 
See Plate 29. Fig. 7, and 8. 


The 7th Figure repreſents the upper Surface of a Wooden-Frame, or 
Caſe of Clock- Work, held together by four Skrews. ET F Vis a fil- 
vered circular Plate, divided into 88 Parts (88 being the Number of Days 
of Mercury's periodical Time) with an Handle or Winch H G, and In- 
dex GE. IKpPLM is a filvered oval Plate, divided into the ſame 
Number of Parts as the Circular Plate, with a Channel or Groove in it, 
for the little Braſs Ball or Planet P to move in. S repreſents the Sun 
in one of its Foci, L the Peribelion, and I the Apbelion. S O is an Index 


of Steel, which going thro* the Planet P, carries it in the elliptick 


Channel, with a Velocity reciprocally proportional to its Diſtance from S. 
The Part SP of this Index, which is intercepted between the Sun and 
Planet, or S and P, repreſents the Radius Vector (already deſcribed) which 
continually becomes ſhorter, as the Planet 2 from the Aphelion to the 
Peribelion, and lengthens gradually as the Planet goes from the Peribeli- 
on to the Apbelion. The Part PO of the Index, which goes beyond the 
Planet, and whoſe End O does here deſcribe the Circle O QR IN, is of 
no Conſequence in our Aſtronomical Conſideration. If a Planet (as for 
Example, Mercury) moved in a circular Orbit, concentrick with the Sun, 
it would not only deſcribe equal Areas in equal Times, but alſo equal 
Arcs; then by uniformly turning the Handle H, the End of the Index 
at E would truly repreſent the Motion of ſuch a Planet. But if the Pla- 
net moves in an Ellipſe in one of whoſe Foci the Sun is, and the Peribe- 
lion be 6 times nearer than the Aphelion ; the Planet ſetting out from the 
Aphelion T, will move in an accelerated Motion in the Direction I K, 
PL, and from L will come by M to I with a retarded Motion, and ſo 
in all its Revolutions continually change its Velocity, deſcribing equal 
Areas in equal Times, whoſe Equality is ſhewn, and proved in the fol- 
lowing Manner. The Planet P with its Ind x through it, being brought 
to I, ſet the Index G E at E; then by means of the Handle H, carry 
on the Index 10 Degrees, or from E to J, and you will perceive at the 
ſame time, that the Planet in the Ellipſe will only go from I to K 3 + 
Diviſions, the Radius Vector having moved from SI to S K, where- 
by the Area S I K will be deſcribed. Then if the Planet be ſet at 
the Peribelion L (to. which Place it will be brought by turning the 
Handle H till the Index comes to F) the Radius Vector on the Ellipſe 
will then be 8 L: And if the Index of the circular Plate which repre- 
ſents the Time of the Motion, be carried on from F (44 Degrees) to V 
(54 Degrees) the Planet will go from L the whole Arc LM, or 20 De- 
grees, ſetting out 6 times faſter than it did at firſt from I, the Radius 
Vector deſcribing the Area 8 I. M, ſo much broader than SI K, as SL 
is ſhorter than SI, which makes this laſt Area S LM equal to the for- 
merArea SI K, and the Velocity of the Planet reciprocally as the Diſ- 


tance. If any intermediate Place be taken in the Curve of the Ellipſe; as 
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for Example, the Point p, whilſt the Index on the circular Plate moves 


10 Degrees, the Planet will go through the elliptical Arc P, the Radius 
Vector deſcribing the Area p S P equal to the former Areas. | 
Now, to ſhew the Contrivance of the Machine, let us take off the u 

per Board of the Frame, as in Figure 8, where the circular and oval Plates, 
the Planet-Handle and the Indices, are only repreſented in pricked Lines 
to ſhew their Places. Under the Bar or Bridge V G, are two Ovals Q T 
and O N, moving each other about by means of a Cat-gut in a Groove on 
their Edge, which Gut croffes at K. Theſe Ovals have their Centers of 
Motion on their alternate Foci Sand I, The Sun and Center of Motion 
of the Radius Vector is fixed over S. Now it the Handle be placed at I 
the Center of the other Ellipſe N O, that Part of the Circumference of the 
Ellipſe QT, which touches the Circumference of the Ellipſe N O, is car- 
ried round with Velocities proportionable to the Diſtances from I, or to 
the Length of the Lines IK, I4, 13, I2, II, Sc. which repre- 
fent unequal Leavers. Now, in the preſent Situation reprefented by the 
Draught, the Velocity of the Planet P in Peribelio is greateſt. of all; for 
PS being equal to S K, P has the Velocity of the Point K, which is led 
by the longeſt Leaver Il K. But when the Ellipſe NO has made half a 
Turn, the Ellipſe QT changes its Situation, its Point V coming to 5, 
where it is led by the Leaver I 1, ſix times ſhorter than before, and the 
Planet having ſlipped along its Radius Vector, quite to its End, is over the 
Point I at its Aphelion, where it has 3 times leſs Velocity, The Reſt in 
relation to the different Situation of the Ovals may be eaſily conceived 


by carefully obſerving the Figure. As for the two Wheels whoſe Numbers 


of Teeth are equal (no matter what the Numbers are) they are only made 
uſe of to keep the Circle and Oval on the Surface of the Machine (Fig. 
7.) at a proper Diſtance, and to give the Planet and the Index of the 
circular Plate the fame Direction. | 


N. B. The Ovals of Wood, and the Oral-filvered Plate on the Machine, 

muſt be ſimilar; but they may be any kind of Ellipſes. I have taken one 
here, more excentrick than any Planet”s Orbit, only to make the Phæno- 
mena the more ſenſible; ibo“ not ſo excentrick as a Comet”s Orbit, which 
would have exceeded the Bounds of the Machine, 
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Aphelion, Planets and Comets move ſlower 

in ĩt | Page 358 
Atoms, what 8 
Attraction, mutual of Bodies 7 
—kxperiments to ſhew how it acts 7, 8 


1 
the duplicate reciprocal Proportion of its 


Action 9 
—— ſhewn by a Candle's Light 9, 10 
Attraction of Coheſion 5 10 
— ftrongeſt in Contact is. 
— conſiderable in Cryſtal Buttons 

and Balls of Lead 16, 191 


Experiment of it with Oil of Oranges 
between two Glaſs Planes 11 

—— wikh Fluids riſing in fmall Tubes of 
Glas, in Bread and Loaf Sugar 12 
—vith coloured Spirit of Wine riſing be- 
tween two Glaſs Plates in the Figure of 

an Hyperbola 13 
proved by Experiments of Quickſilver 14 
— of Iron Wire lying at the Bottom of 
a Veſſel of Quickſilver, and likewiſe 
Silver Wire, when its Surface is foul 15 

—— proved by the Practice of Soldering 16 
it makes Drops of Water globular 15 


——its Laws | ib 
Attraction, magnetick 16, 40 
w—Cletrick 17, 18, 19 
ot an Occult Quality 21 
Aurora bort alls | 31 


Axle in the Wheel, or Axis in Peritrechio 106 


—— Experiment upon it 106 70 109 
——a farther Conſideration of it 123, 133 
——compounded 134 
——joined with a Screw | 135 
reduced to a Leaver 137 
Friction of it 142, 194 


—— Mon. Perrault's new Axis in Peritrochio 
worſe than the common Sort, on account 

of the Friction of the Ropes 240, 241, 

| 242 

—-the ſame further conſidered 263, 3 
Axle- trees of Carriages muſt be ſtreight and 
at right Angles to the Poles 213, 214, 


215 
B 
Alance, being either a Beam and Scales, 
or a Steelyard 95, 96. 
———geceirful or ſalſe 99 
reduced to a Leaver 100 


— how to make a very exact Pair of Scales, 


' 140 


— bow to 2 its Beam 143, 144, 145 
ay be falſe, even when the Brackia 


are equal 165 


nous to eſtimate the Force of Weights act. 


ing obliquely upon it 146, 147, 148, 149 
=—2 particular Make of one, on which equal 


Weights make an /Zquilibrizm- at une-. - 


qual Diſtances I5t, 152 
— Effect of an oblique Puſh of a Power 
againſt iis Beam 152, 153, 154, 155 
Balls of Lead cohere very ſtrongly 15, 191 


Battering Ram | 46, 47 
the Stroke of it compared to the Stroke 

ofa Cannon-Ball | 65, 66 
its Action conſidered 342, 347 
Bigneſs of a Comet 365 


Body, when ſtruck, its Parts move towards 
the Blow | 274, 272 
Bodies, their Particles in ſome Caſes repel 
one another | 17 

—— their Weight on the Moon's Surface, 33 
——hcir Weight proportionably greater on 
the Surface of ſmali Planets than large 
ones, conſidering the Quantity of Matter 

in thoſe Planets | 34 
——— -inclined, do not fall when their Line of 
Direction goes | thro* their Baſe 59, 60 
—at Reſt, or in Motion, do not fall if 
their Center of Gravity be ſupported 61, 

| 62 
kept from falling by adding other Bo- 
dies to them 63 
rolling and ſliding on inclined Planes 90 
Bones of Animals reduced to Leavers, and 
the Manner that the Muſcles act up- 

on them, taken from BoAELLI 158 


„ 

Block, or Blocks 103 

Bow, or Spring, an Account of it 393 to 397 

Brac hia of a Balance or Leaver 49,95 

Bucket- Engine for raiſing Water 78 
2 


Annon, the Action of its Ball compared 
with that of a battering Ram 65, 66 


the Force exerted by the Power on the 


Breech of a 24 Pounder 436, 437 
Carriages, conſidered, and Experiments con- 
-cerning them 200 70 239 
———with four Wheels more advantageous 
than with two | 219 70 222 
Experiments to prove it 223, 224, 226 
——Corollaries from thoſe Experiments , 227 


39 | 
— a new Sort to carry great 1 


Stone down-Hill, made uſe of by Mr. 
Allen at Bath, deſcribed 283, to 288 
Caution to Perſons concerned in Engines 70, 71 
| Center 


os e A GE EM, ek OE ODT RTL AE ul TIO 


FFF inn Dr IAG * ak a 
K * 3 P 471-1 . 7 3 ( OOTY a 
„ 8 1 A n N 


3 
. 
SITE 


2 


=; 
$5 


r e $44 "ou 2 r 5 
PF | 
y 8 AR e e 
2 a N. 
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Center of Motion Page 51 
Center of Gravity 10. 
Aa mechanical Way of finding it 75 
-—a mathematical Way of finding it 76 


—- where that of a Windmill, and that of 
a Crane muft be placed 7 
common of two or more Bodies 54, 55, 56 
.of the Sun and Planets 85 

of a Load of Hay, or a Load of Iron 91 

of Oſcillation and of Percuſſion 383 
how to find the Center of Oſcillation 1 7 

Centrifugal Force, what 3 

Centrip-tal Force, what | 312, 3 

Chronometer, contrived by Mr. George Gra- 
bam, for meaſuring Time to the 16th 
Parr of a Second 391, 392 

Cold and Heat, their Effect on the Rods of 
Pendulums 391 

Cohefion, Attraction of 


3 
J 
13 
13 


10 
Comet retrograde, deſtroys the Hypotheſis of 


Vortices | 364 
———may at length fall into the Sun 365 
about the Bigneſs of the Moon ib. 
Comets, a general Account of them 427, 

5 428, 429 
Sir Jſaac Newton's Account of them 429 
zo 436 


—— by a Ray drawn from the Sun, deſcribe 


Areas proportionable to the Times 464 
| to 466 
Compound Engines 122 


Compound Motion of a Body acted _ at 
the ſame Time by two or more Forces 

| 129, 130, 295 to 299, and 390 
Cone, double rolling upwards 3 
Cranes 124, 125, 126 
— the Gibbets of them inconvenient in the 
common Way 186 
—— Mr Alleu's Cranes conſiderably improved 
187, 188, 189 

Cycloid, its Deſcription 387 
ſome of its Properties 387, 388 


—— Swings of a Pendulum in it are ifochro- ' 


nal | 388 
Experiments with cycloidal Channels 
309; 399 
Cycloids with curved ' Baſes, or Epicycloids, 
ſome of their Properties 437, 438 
Cylinder loaded, ſo as to roll up an inclined 
Plane by the Deſcent of irs Center of 
Gravity | 57, 79, to 85 
m——a furcher Conſideration of its Properties 
1 84, 85, 86 


D 


22 of Victory in Diſputes, hinders the 
Improvement of Natural Knowledge 


; | : "TN Page 1, 2 
Diameters and Diſtances of the Planets 450, 
451 


Direction, Line of | 74 

Diviſibility of Matter i» Infnitum, but Matter 
not actually divided in Infnitum 4 

——of Quantity, demonſtrated to be in inf.- 
ni tum | 

Drop of Oil of Oranges riſing between two 


Glaſs Planes 11, 12 
——ſix Properties of it 37 
Drops of Water made globular by Attraction 

. | 36, 37 
Ductility of Gold 3 


E 


Arth, higher at the Aquator than to- 
E wards the Poles, and the Reaſon why 
it ought to be ſo 391, 392 
——an Experiment to illuſtrate this 392, 393 
the Earth's annual Motion proved by the 
Obſcrvations of the Rev. Mr. Bradley 
Savilian Profeſſor of Aſtronomy at Ox- 
ford i 401, 404, fo 406 
——-the Earth's Figure not an oblong, but 
an oblare Spheroid 446, 447 
Effluvia, thoſe of 4a fatida e 


mall 28 
— of Comets and Planets in the celeſtial 
Spaces exceeding rare 364 
Avery conſiderable in the Sun's Atmo- 
ſphere | ib. 
Electricity 17, 18, 19 


proved by a rubbed Tube attracting and 
repelling Feathers and Leaf-Gold, both 
in the Air and in Vacuo 20. 

proved by an exhauſted Glaſs Globe giv- 
ing a purple Light when rubbed 21 

———ſcveral electrical Experiments by Mr. 


Stephen Gra 42, 43 
Engine, to raiſe Water by a gaining and a 
loſing Bucket 78 


Mr. Richard Newſham's, very conveni- 
ent and uſeful far extinguiſhing acciden- 

tal Fires 257 
——newly contrived to try and eſtimate the 
Strength of different Men, as alſo of dif- 
ferent Limbs in the fame Man 291, 292 

| F, 
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F 
Aculties meclianical Page 92 
Flames of Spirit of Wine uſed in the 
Pyrometer | 441 70 444 
Fly, its Uſe and Application 255, 256 


it adds nothing to the Force of the Pow- 
er, tho it helps the Motion 256 
—— joined to a Screw, for coining Money 
344» 345 


—— how to calculate the Force of fuch a 


* 


Machine 349 

Figure of the Earth 391, 392, 446, 447 

of a Portion of a Fluid cannot be altered 

by any Preſſure from another external 
luid 


Force, centrifugal 
accelerating "hs 
— Centripetal 31,313 
— Experiments to explain thoſe Forces 


| 313 20316 
— of Inactivity 293, 295 
— MOVIN 33, 43. 
Force of Men beſt applied in 1 

Oars 257 


— very ill applied in rowing with an hori- 
zontal Axis, having vertical Oars lik 
the Spokes of 2 eel ib. 

— Very great, when exerted by the Muſ- 
cles, that extend the Legs and Thighs, 258 

— Compared by a new Contrivance 291, 292 


— of five Men equal to that of one Horſe 


| 264 
— of Men and Horſes conſidered and com- 
pared 251 70258 


— the ſame by Monſ de la Hire; with 
Remarks upon his Diſſertation 276 zo 282 
— P/;loſophical Tranſa#ions quoted concern- 
ing the Diſpute about the Force of mov- 


ng Bodies ; -$ 39 
— of che Action of the Powder on the 
Breech of a Cannon ſhooting out a 24 
Pound Ball 435, 436 
Forces required to bend Ropes, Sc. 239 to 251 
Friction, makes Sealing- wax tranſparent 42 
——— not ſufficiently conſidered by the com- 
mon Contrivers of Machines and Engines 


138 
— unavoidable 138, 139 
— very ſmall in a Leaver 179 


—— how to be conſidered in a Balance 139, 
| 141 
— very great in Pullies 141, 142 
— not very great in the Axis in Peritrochio 


142 

not in the inclined Plane 142 
pet very great in the Wedge and Screw 
| f 142, 143 


a 2 mathemaical 85 
— Center of it in a Crane, and in a Wind- 


— of mechanical Engines, and of Ropes, 
further conſidered Page 190 fo 258 
— not according to the Quantity of the 
touching Surfaces, but of the Weights 
preſſing them together in their Motion 

GE ; 192, 193 
Reſiſtance ariſing from it 193 
— its Quantity in a great Beam drawn a- 
long the Ground . 193, 194 
how to find it in Gudgeons or Pivots 
194, 195 

194, 195, 196 


in compound Engines 


—— of Carts and Waggons 225 
Friction of the Sheeves and Ropes of a Tackle 
of three 246 to 249 
—— Quantity of Friction equal to about one 
third of the Weight | — 4H 
—— how to diminiſh it in Wheel Carriages 
f 259 to 261 

—— 2 Machine to ſhew how much it is on 
different Surfaces, and how to diminiſh 

it in the Axles of Wheels 261, 262, 263 
— a more exact Method of calculating its 


Quantity 197, 198, 199 

G 
Ibbet of a Crane, Inconveniences of it 
in the common way 186 
— remedied by Mr. Padmore of Briſtol 
R 187 
Gun; lock conſidered 108 
Gun- powder, a ſmall Quantity of it will ſhake 
an Acre of Ground 421 
—— its Action on the Breech of a 24 Pounder 
© 435, 436 
Gravity, Gravitation or Attraction defined E. 
not an occult Quality | 21 
Center of Gravity : 51 
a mechanical Way to find it 75 


7 76, 77,78 
mill | 79 
—— in a Load of Hay, or a Load of Iron 91 
Gravity, or Gravitation, from the Surface to 
the Center of a Planet, decreaſes directly 
as the Diſtance from the Center 33 
— its Action on Planets and Comets to make 
their Motions regularly accelerated and 
retarded | 155, 156, 157 
— mutual between the Earth and its Parts 


| | : - 02> 
Gray, Mr, Stephen, his electrical Bis 


43, 44 
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a Table of Friction of Sledges 203 
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H 
Ammer Page 33 
— inits Uſe it is detter to double the 
Velocity wich the ſame Quantity of Mat- 
ter, than to double the Matter keeping 
the ſame Velocity, but the Reverſe in 


the Uſe of rhe Ram 406 ro 418 
Heat, its Effect on Pendulums 383 
—— Quantity of its Effect on Metals to dilate 

them in their Dimenſions 441 7 

| 2 
Horſes, a mechanical Conſideration of their 

walking | 8S, 89 
—— draw with great Diſadvantage, walk- 

ing in a ſmall Circle | 252 
—— likewiſe going up Hill 253 
—— beſt of all horizontally and in a ſtreight 

„ ib. 
——- Strength of one Horſe equal to that of 
| E 264 
Hyperbola, made with riſing Water between 

two Glaſs Planes, or Plates : 13 

— but in inverted Order with Quickſilver 
D 5 
1 
ACK 1 


_ 
Inclin'd Bodies do not fall, when their 
Line of Direction goes through their Baſe 


59, 60 
Inclm'd Plane . 110, 135 
— Experiments upon it 111 
— e to a Leaver 136 


— its Manner of acting, and that of a 


Wedge folv'd by a bended Leaver 164, 


165, 166 
Inclin'd Towers not falling 60 
Inertia or Inactivity, its Force 293, 294 
Infinites are not all equal ._ a6 a6 
Inftruments in the common Uſe of Life redu- 
ced to Leavers of ſeveral kinds I55, 
| : 156 
Intenſity of a Power „ 
Jeyce, a ſtrong Kentiſh Man | 265 
L 
Abaurers, Engliſh, generally ſtronger than 
French or Dutch 264 


Lamp, rollin ; 59 
Laws of Motion from Sir Iſaac Newton 


| 293 

. —— 1ſt Law explained and illuſtrated 293 zo 

324 

—— 2d Law explain'd, c. 324 #0366 

— zd Law explain'd, c. 366 50 369 

— applied to account for the Tides — 
to 37 


Leaver, its ſeveral kinds Page roo, 101, 

124 
— homodromous and heterodromous 155 
—— = ſeveral Experiments upon it 101, 192 


—— bended 102 


Length of a Pendulum to ſwing Seconds 
Light, its Reſiſtance , 2 
— its Denſity decreaſes, as the Squares of 

the Diſtances of the enlighten'd Bodies 


increaſ2 IH 
—— is repell'd by Glaſs and other Bodies 41 
Line, parabolical 301 

of Direction 74 


Load of Iron, its Center of Gravity 91 


L“oad- ſtone, well conſider'd by Dr. Petrus van 


laſchenbroet 41 


NM | 
Achine, to ſhew whether the Friction 


depends upon the Quantity of Surface 


rubbing, or the Quantity of the Weight 
pang the Surfaces together, as alſo 

w to diminiſh it in the Axes of 

4 Pyr | 261, 262, 263 
— called a Pyrometer 439, 440, 441 
—— a new one to try the S 56 of Men 
| 291, 293 

—— newly contrived by the Author, to ſhew 
mechanically, how Comets and Planets, 

by a Ray drawn from the Sun, deſcribe 
Areas proportional to the Time 458 10 


| | 466 
— a Curious one at Darby for winding Silk 


71, 72 
Maſs | 43 
Matter, what 2 
— in what Senſe underſtood by the Carte- 
ſians i6. 
— the ſame in all Bodies 3 
— diviſible, but not actually divided, in 
infnitum 


4 
———— trac'd through the natural and artificial 


Changes of Bodies, and ſhewn to be the 
ſame in them all 22, 23 
—— a ſmall Quantity of it may fill the Sphere 
of Saturn | 26, 27 

is divided into inconceiveable ſmall Parts 
28 

——— leſs of it in the World than Vacuum 
| 3O, 31 

—— Habtile of the Carteſians, no Proof of a 
Plenum, tho its Exiſtence were granted 


Mechanicks _ 93,9 
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Mechanical Organs, Powers, or Facu:ci.” 
—— Powers all united in one Ma- 


Men, C eir walkin g, mechanically conſid | 
85 


— 


— have but ſmall Force to draw a B., 
or to turn a Handle verrically, whe 


at the Top, or at the Bottom of ihe R 


lution 254 
— are much help'd by a Fly in turnin;; a 
Handle 236 
— the Force of five equal to that of ore 
Horſe 2364 
—— the Force of Men and Horſes conſider'd 
according to the different Applications 
of it | 25179 258 
Monf. de [a Hire's Diſſertation on that 
Subject, conſider*d 270 79 282 
Mediums, their Reſiſtance occaſionally con- 


fider'd 350, 351 
Mercury, Reſiſtance of it X 24 
—— attracted a little by Glaſs, but very 

much by itſelf 39, 49 
——— attrafts itſelf into a Hyperbola between 

ewo Glaſs Planes - 4 
——— ſeveral Experiments of its Attraction 

made by Dr. James Jurin 38, 39, 45 
Molecule, what | 4 
Momentum, tity of Motion, and moving 


Farce, the ſame 8 
— made up of the Maſs, multiplied into 


the Veloci | - 
— falling Bodies proportionable to their 
Velocitics, but not to the Height from 
which they fall 337, 338 
— new and old Opinion about ĩt compar'd 
| 411 

Moon, Weight of Bodies on its Surface 33 
— raiſes the Waters of the Sea where it is 
vertical, and alſo at the Antipodes of that 
Place 370, 371 
— the Action of it conſidered hydroftati- 


calx 372 
— ObjRions to that Doctrine anſwered 


372, 373 
Motion, — d from Velocity 46 
— Center o | 51 
— deſin'd in general and in particular 65 
— Quantity of it ; 45 
— compound, when a Body is acted upon 

by two, or more, Forces at once 129, 


130, 295, to 298, 398 


—— perpetual, ſhewn to be impoſſible 183 
fo 186 
— its Laws from Sir Iſaac Newton 293 


—— an Experiment to illuſtrate compound 
Motion further, and at the ſame time re- 


INDEX. 


move an Objection made againſt the Mo- 
tion of the Earth | Page 3cs 
— of a Cannon-Ball in a para bol ick Line 


| 3 ? SOD dab” cs ona 
=—— of Projectiles applied to the Moon's Mo- 
tio 311, 312 


—— Experiments to ſhew, that Gravity and 
the projectile Force, make the Planets 
continue their Motions in their Orbits 

318 ro 324 
of Motion explained 

| | 174 175, 324 00 341 

— of Bodies on ee Plan 8 pre, 4 
Doctrine of Pendulums deduced from it 
| 339 to 341, 4379 to 38 

— of its iſt Law — Ire bas to — 

— 2d Law explain'd 324 t0 366 

— zd Law explained 366 ro 379 

—— Laws of Motion and Gravity applied to 

account for the Tides 369 70 378 

Moving Force 33 

Muſchenerock, Dr Petrus van, his Experiments 
of the Attractions and Repulſions of Load. 


Acceleration 


ſtones | 41 
Muſcles, acting upon the Bones to move them 
| | 158 70 163 


of the Arm, Biceps and Brachieus, their 


Force calculated I59 #0 154 
— Extenſors of the Legs and Thighs, how 
to apply them moſt uſefully 275 

\] Eap-Tides 375, 376 


| New Terms ſhould always be explained 
2 


New and old Opinion about the Force of mov- 
ing Bodies . 411 
—— Proof of the New, wiz. that the Mo- 
mentum or Force is as the Maſs multipli- 
ed into the Velocity, by Experiments of 
a flat Pendulum, c. 412 t9 414 
Experiments ſeeming to diſprove, but 
really confirming the new Opinion 41 5 
Newſham, his Engines very uſeful 257 
Newton, Sir Iſaac, his way of demonſtratin 
the Operations of all the mechanica 
Powers by one Scheme 129 t 131 
— his Account of Comets 429 #0 435 


O 


Bſervations of ſeveral fix'd Stars com- 
pared, proving the Motion of the Earth, 
by the Rev. Mr. Bradley, Savilian Pro- 
feſſor of Aſtronomy at Oxford 401, 10 406 
Occult Qualities, not admitted in the New:o- 
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ziau Philoſophy Page 21,42 
Opinion, old and new about the Momentum 3 58 
Ocange-Qil, a Drop of it moving between two 
laſs Plates or Planes 37 

— Six Properties of it, as it riſes between 
thoſe Planes | 38 
Orreries, Machines ſo called commonly very 
faulty, as they give falſe Ideas of ſeveral 
celeſtial Phænomena 471 
Oſcillation, Center of it, ſometimes the ſame 
as the Center of Percuſſion 383 
how to find it 173 


Aa - 


EO 
TY Ait of Water is kept from falling by 
ſupporting its - Center .of Gravity, tho' 
the Stick that ſupports it would fall of it 
ſelf 64 
Parabola, the Line in which Bodies projected 
horizontally, or obliquely, move 3or, 
| to 309 
Parabolical Motion of a Cannon-Ball 301, 309 
Parallax, of the fixed Stars, not to be obſerved 
accurately enough by Inſtruments 402 
Pendulum s, Motions of them deduced from he 
Motion of Bodies on inclined Planes 239 


* 


to 341, and 379 0 385 

their Rods lengthen and ſhorten by Heat 
and Cold : 

their true h for Seconds 437 

—Percuſſion, Center of it 383 


hy oblique and direct Percuſſion are 
miſtaken for one another 398 zo 400 
Peritrachio, Axis in 105 
NIonſ. Perraults new one worſe than in 
he common Way, on Account of the 
Friction of the Ropes 240 70 242 
the ſame further conſidered 263, 264 
Periods of the Planets—— See Plate 30. 


Perperual Motion, impoſſible 184 0 186 
Perihelion „ 
Piles, Rammer to drive them 346, 347 
Plane, inclined 110 


Planets, theif Motion in their Orbits, ſwifter 
in the Perihelion, and ſlower in the A- 
phelion 3.58 

| can't preſerve their Motions to a reſiſt- 

ing Medium 


| J6 

not carried round, in corporeal W 

„ 406 70 408 
Planetarium, a new Machine for ſhowing the 
Motion and ſeveral Appearances of rhe 
celeſtial Bodies | 448 to 466 
thoſe Parts of it, which ſhew the gene- 
ral Syſtem, and the particular 5 
of Jupiter and his Satellites, and Saturn 
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Page 451 
0455 

— —'hoſe Parts of it, which ſhew the Mo- 
tions of the Earth and Moon about the 

Sun; the Eclipſes and all the reſpective 
Phænomena of thoſe three Bodies, de- 
ſcribed 4550464 
Porters, at the Cuftom Houſe Key carrying 
great Weights 274 t92$2 
—— m Turkey carrying more Weight than in 
England 2640 273 
Power, defined 50 
— the Word improperly applied 132 
Powers, mechanical reduced to the Leaver 


and his Satellites, deſcribed 


132 
Preſſure, of two Bodies on the Axis of a ſin- 
gle Pulley, and alſo on the Axis of a 
double ley, or Axis in Peritrochio 
TL : 171, 172,173 
Projectiles, move in a Parabola 301 zo 311 
the Laws of their Motion applied to that 


ofthe Moon 311, 312 
moving perdendicularly or obliquely 

upwards 335t0337 
Pulley 103 
Pullies, upper and lower 104, 105, 123 
their Friction very great 141, 142 
combined 173 

Tackles of Four, Five or Six 104 


the Friction of a Tackle of Three, and 
one ot Five calculated 246 70 251 
Pyrometer, for meaſuring the Effect of Heat 
and Cold upon Metals, tho“ they ſhould 
only expand or contract in Length the 
20000 Part of an Inch 439, 440, 


441 
od 
Ualities, occult, not admitted by the 


Newt oni ams "Bl 
ity, Demonſtration of its Diviſibility in 
_ Infinitum 25 
Quickſilver attracts Quickſilver and Glaſs; 
— ir attracts itſelf more than it does 


39 


R 


7 


AM, battering Stroke of it compared 


to that of a Cannon Ball 47, 55, 

66 

further conſidered 342, 347 
Ra:mmer to drive Pilas 346, 347 
Rat- tailed Crane 127 


Re pulſion in Bodies 17 
Reſiſtance, of Mercury, Water, Air, Light, 
and other Fluids | 
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— —ariſiag from Friction Page 190 to 2)8 Steelyard 
from the ber din3 of Ropes, conſider d 8 


and calculated 239 to 251 
—— of Mediums occaſionally conſidered 3 50. 


Page 95, 96 
trength, cannot be gained without Loſs of 
Time and Space 69, 70 
of Men and Horſes compared -251 70 

8 


| 351 | 25 
——of Water compared with that of Wood ——pretended Feats of it wholly owing 


| | 4: 
greater than that of Lead in one Caſe 
BY” 22 
greater than that of Wood, when ac- 


ted upon by Gun- powder 420, 421 
Rolling Bodies 62, 90 
Lamp . 59 
Ropes, their Friction 239 t 251 
Experiments upon their Reſiſtance 243, 
running Rope ; 103 
——the caſieſt way of breaking a Rope 
| 270, 272 
8 

Ses, how to make a very exact Pair 
140 70146 

Screw 117 
— its Force calculated 118, 119 
üs great Friction 119 
A particular Advantage of it 120 
applied to Percuſſion | 121 
jined with a Wheel 124 
—— Thread of it, ſquare and ſharp, com- 
pared 125 


Scorpions (mechanical Engines) compared 


72, 73, 182, 18 


with Cannons 2,1 
Sealing Wax, made tranſparent by Friction 
| | 42 
Simple Machines 92 
Sledges, Experiments upon them _ 
2 

Sliting Bodic on inclined Planes go 
Sling: ; 345, 346 
Solſtitial Tides 3 377378 


Space of 189, 291, 996, 583, 668, 465, 020 
Miles, which a Power equal to the 
Strength of one Man, muſt go through 

to raiſe the Earth, but one Inch, accord- 

ing to Archimedes's Problem 69 
Space of Time for the Performance, if the 
faid Power moved as ſwift as a Cannon- 
Ball, will be 26, 978, 123, 942, 460, 
Years | 68, 69 
Spokes, of Wheels, muſt be inclined to the 
Naves 203 
Sprivg and Neap Tides cauſed by the Action 
of the Sun and Moon, according to 
thetr diftcrent Poſitions 375, 376 


Tackle, of Three, 


to Art 265, 266, 267 

—— accounted for, as not exceeding the 
Power of any Man of moderate Strength 

: | 26719272 
——real Feats of extraordinary Strength 
performed by Thomas Topham 289, 


290 
* for underſtanding Me- 


e World confidered 4 oy = 
T | 

ABLE, of the Friftion of Sledges 

——of the Friction of em Waggo 3 


—— of the Forces required to bend Ropes of 
different Diameters, ſtretched by different 
Weights round the Rollers of different 

Diameters | 245 

— of the Effect of Heat and Flame on 

Metals meaſured by the Pyrometer 442, 


444 
a Calculation of the 


Friction of its Sheeves and Ropes 246 

247 

of Four, of Five, and of Six 104 
Experiments of the Friction of the Tac- 
kle of Five _ 250, 251 
Teftudo of the Roman Soldiers; a ConjeRare 
about it s + B34 
Tides, why daily retarded _ 374 
Times periodical of the Planets experimen-, 


rally compared with their Diftances 409, 
x | A410 
real Feats of Strength per- 


Topp ham, Thomas, 
formed by him 289, 290 
Towers, inclined not falling 60 
Traction, Angle of it conſidered 165 to 
168 


Tube, of Glaſs rubbed, a remarkable Pro- 
perty of it 41 


V 


cuxm, proved by Experiment 


| 13 


eee inter- 


5 
—— much more of it than Matter 


3 
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2 iinterſperſed, 1 from the different 


_ Weight of Bodies of equal Bulk 47 
Velocity, what 45 
— of a Weight conſidered differently from 

that of a Power | 74475 
Vis inertie 293, 2 
Vrticet, Carteſian, diſproved by Reaſon an 
Experiments 315, 316, 317 
\ JE 


Way 
Mr. Alex's deſcribed by Mr. De 
182 co 187 


An Alptabetical I N DEX, 


Wedge, defined 1 8 
further conſidered, and 5 
its Manner of Action ‚ 112701 44 
Weight defined 
of Bodies, on the Moon's Surface 3 
of Bodies, greateſt onthe Surface of ſma 
Planets in Proportion to their begs” 
of Matter - 
Weights acting obliquely upon a Leaver 128 
te 150 
W heel-Carriages conſidered 211 7 213 
Wheels, high and low, compared 17 = 
| 182 
— great, more advantageous than little, 
on any Ground whatcrer 218, 219 
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